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PREFACE. 



The preface of a work is practically the postscript in the wrong 
place, because no author, who writes to improve as he proceeds, 
can at the commencement of his labours say how much he can 
do. Of course the little portion he has allotted in the narrowness 
of his first conclusion can be stated, but the enlargement of 
his ideas must be for a future explanation. Similarly also, 
in writing on a scientific subject, the mind expands as the pen 
records, and thus improved ideas are developed. Analogous 
with these remarks has been my experience with the contents 
of tins work, which are arranged as follows : — 

In Chapter I. the introduction of the Condensation of Steam 
has been explained and illustrated by nine illustrations, with a 
record, taken from the most reliable sources, of the practical 
results obtained, together with the difficulties that had to be 
overcome. 

Proceeding from that to Chapter II., the modern Condensers 
for Land Beam Engines have been dilated on, and illustrated by 
eight of the most improved examples now in use, and also the 
pumps and valves in connection. 

Chapter III. contains six difl'erent arrangements of Condensers 
and Fittings Cor Oscillating Paddle-Wheel Marine Engines ; and 
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in Chapter IV. the arrangements for Horizontal Screw-Propeller 
Engines have been largely represented by twenty-three 
illustrations. 

The Surface Condensers I noticed next, commencing in 
Chapter V. the Tubular arrangements, of which there are nine 
examples worthy of attention. 

Then came the different methods for Packing the Tubes in 
Chapter VI., which reached the surprising number of seventeen, 
whereas the general belief is that there are about one-third of 
that number only, but I have shown otherwise for practical use. 

Surface Condensers for Oscillating Paddle- Wheel Engines 
are next explained, and illustrated by four different arrange- 
ments in Chapter VII. This number, doubtless, appears small ; 
but as there are only five vessels so fitted, it will be sufficiently 
explained. 

In Chapter VIII. there are seven illustrations of Surface 
Condensers for Vertical Inverted Screw-Propeller Engines ; and 
in Chapters IX. and X. eighteen examples for Horizontal 
Engines of the Direct and Return-Action types. 

The arrangement of the Pumps and Valves for Marine 
Engines comprises Chapter XL, and several illustrations in 
other chapters, making altogether twenty-seven examples ; and 
those for Beam Land Engines, nine examples in Chapter XIV. 

I treated in detail the connection of Pump Valves for Marine 
Engines in Chapter XIL, to the extent of fourteen different 
arrangements ; also Pump Motion and Pistons received attention 
by six illustrations. 

The supplementary details or fittings requisite with Con- 
densers are explained in Chapter XIIL, and consist of six 
illustrations of Injection Valves, three Snifting Valves, two 
Kingston Valves, and four Water Discharge Valves. 
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The most novel system of Condensation being that without 
an air pump, or by the Ejector, in Chapter XV. I fully inves- 
tigated it, and illustrated thirty-two examples, all different 
and all demanding notice. This did not include either the 
" outside " the hull system, of which I show three kinds, and 
four of the condensation of steam by air. 

Locomotive engines have lately been fitted with Condensers, 
and in Chapter XVI. there are fifteen illustrations of the 
arrangements and details in actual practice. 

The principles of Condensation have, of course, not escaped 
my notice, and therefore in Chapter XVII. the subject has been 
thoroughly investigated, commencing with the constituent parts 
of steam, and following on to its formation, expansion, and 
condensation. 

The Eules and Tables relating to condensers of all classes 
are contained in Chapter XV1IL, after which is a complete 
Index of the Illustrations, the headings being arranged alpha- 
betically. 

I have thus put what I have had to say on this matter into 
262 pages, and illustrated it with 212 practical examples. 

N. P. Burgh. 

78, Waterloo Bridge, London, S. 
May 25th, 1870. 
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THE CONDENSATION OF STEAM. 



CHAPTER I. 

INTRODUCTION. 

THE PRACTICAL METHOD OP CONDENSING STEAM, IN STEAM ENGINES, 

BETWEEN THE YEARS 1705 AND 1838. 

The knowledge of the recoil of the atmosphere immediately after 
the explosion of gunpowder, doubtless originated the idea for the 
condensation of steam, from the fact that the sudden absence 
of a certain volume of air caused a vacuum, and that that vacancy 
was as suddenly filled with what surrounded it, and thus a second 
power was produced. It became evident also, that in any case 
if a vacuum could be caused mechanically, the surrounding 
vapour must fill its place, if permitted to do so, with an attendant 
force equal to the power required for the exhaustion. 

Now the fact of there being a vacuum was a grand discovery, 
only equalled by the use of steam in a practical form as a motive 
power, which began in the year 1688, at which period the 
condensation of steam commenced in a crude form. 

Of course the men of science of that period were puzzled how 
to best adapt the power in their possession, and therefore after 
producing it, they began to condense it to cause a vacuum, by 
taking away the fire from the boiler, so as to allow the cooling 
action of the atmosphere to act on it wholly. This being a 
very slow process as well as laborious, the steam cylinder was 
put into another, so as to leave a space between them at the 
sides ; and to condense the steam in the inner cylinder, the space 

B 




thn inventor of that process in the year 1706, which is the date 
of the use of the first ffurfaes tonAentcr. 

Soon after thin, or in the year 1711, Keweomen, with a 
Mr. Potter, made an engine to pomp water from a mine, the 
engine heinw on Newcomen s condensing practice ; bat the pair 
were strieken with wonder to see, when they started their new 
engine, that it worked double as qtrick as they conjectured it 
won Id ; and after an examination, it was discovered that the 
cold water in the miter cylinder passed, by a hole, into the inner 
cylinder, and thus the first infection condenser originated. 

Neweomen, being elated at this circumstance, soon converted 
his ok) "surface" condensing engine into the then new 







ijection" nystcni, as illustrated by Fig. 1, in which A alludes 
dome shape; and at a small height above it is a 
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cylinder CBUC of mcfal ; the boiler communicates with this 
cylinder by means of the steam-pipe K. The lower aperture of 
this pipe is shut by the plate N, which is ground very Hat, so 
as to apply very accurately to the whole circumference of the 
orifice. The plate is called the regulator or steam-cock, and it 
turns horizontally round an axis h .t which passes through the 
top of the boiler, and is fitted to the socket, like the key of a 
eock, by grinding. The upper end of this axis is furnished with 
;i handle AT. 

A piston P is suspended in tins cylinder, and made air-tight 
by a packing of leather or soft rope, filled with tallow ; and, for 
greater security, a small quantity of water is kept above the 
piston. The piston-rod PD is suspended by a chain, which is 
fixed to tin' upper extremity F of the arched head FD of the 
great lever or working beam FK, which turns on the gudgeon 
O. There is a similar arched head EG at the other end of Ene 
beam. To its upper extremity E is fixed a chain carrying the 
pump-rod KL, which raises the water from the mine. The 
load on this end of the beam is made to exceed considerably the 
weight of the piston P at the other extremity. 

At some height above the top of the cylinder is a cistern W 
called the injection cistern, supplied by the pomp K and the 
pipe / /. From this descends the injection-pipe ZSR, which 
enters the cylinder through its bottom, and terminates in a 
small hnle R, or sometimes in a nozzle pierced with many 
smaller holes diverging from a centre in all directions. This 
pipe has, at S, a cock called the injection-cock, fitted with a 
handle V. 

At the opposite side of the cylinder, a little above its bottom, 
there is a lateral pipe, turning upwards at the extremity, and 
there covered by a clack-valve /', called the snifting-valve, 
which has a little dish round it to bold water for keeping it 
ir-tight. 

There proceeds also from the bottom of the cylinder a pipe 
p <■ g h, of which the lower end is turned upwards, and is 
covered with a valve k. This partis immersed in a cistern of 

n 2 
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water Y. called the liot well, and the pipe itself is called the 
eduction-pipe ; lastly, the hoiler is furnished with a safety-valve. 
This valve is generally loaded with one or two pounds on a 
square inch; so that it allows the steam to escape when its 
elasticity is one-tenth greater than that of common air. 

The water in the boiler being supposed to be in a state of 
strong ebullition, and the steam issuing by the safety-valve, let 
us consider the machine in a state of rest, having both the 
steam-cock and injection-cock shut. The resting position or 
attitude of the machine must be such as appears in the sketch, 
the pump-rods preponderating, and the great piston being drawn 
up to the top of the cylinder. Now open the steam-cock by 
turning the handle T of the regulator. The steam from the 
boiler will immediately rush in, and flying all over the cylinder, 
will mix with the air. Much of it will be condensed by the 
cold surface of the cylinder and piston, and the water produced 
from it will trickle down the sides, and run off by the eduction- 
pipe. This condensation and waste of steam will continue till 
the whole cylinder and piston are made as hot as boiling water. 
When this happens, the steam will begin to open the snifting- 
valve /, and issue tli rough the pipe; slowly at first, and very 
cloudy, being mixed with much air. The blast at / will grow 
stronger by degrees, and more transparent, having already 
carried off" the greatest part of the common air which filled the 
cylinder. AW supposed that the water was boiling briskly, so 
that the steam was issuing by the safety-valve which is in the 
top of the boiler, and through every crevice. The opening of 
the steam-cock puts an end to this at once, and it has sometimes 
happened that the cold cylinder abstracts the steam from the 
boiler with such astonishing rapidity, that the pressure of the 
atmosphere has burst up the bottom of the boiler. 

We may here mention an accident of which we were witnesses, 
which also shows the immense rapidity of the condensation. 
The boiler was in a frail shed at the side of the engine-house ; a 
shoot of snow from the top of the bouse fell down and broke 
through the roof of the shed, and was scattered over the head of 
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the boiler, which was of an oblong or oval shape. In an instant 
the sides of it were squeezed together by the pressure of the 
atmosphere. 

When the manager of the engine perceives that not only the 
blast at the sn i It ing- valve is strong and steady, but that the 
boiler is now fully supplied with steam of a proper strength, 
appearing by the renewal of the discharge at the safety-valve, 
he shuts the steam-cock, and opens the injection-cock S by 
turning its handle V. The pressure of the column of water in 
the injection-pipe ZS, immediately forces some water through 
the spout R. This coming in contact with the pure vapour 
which now fills the cylinder, condenses it, and thus makes a 
partial void, into which the more distant steam immediately 
expands, and bj' expanding rarefies. What remains in the 
cylinder no longer balances the atmospherical pressure on the 
surface of the water in the injection-cistern, and therefore the 
water spouts rapidly through the hole R, by the joint action of 
the column ZS, and the unbalanced pressure of the atmosphere ; 
at the same time the snifting-valve /, and the eduction-valve h, 
are shut by the unbalanced pressure of the atmosphere. The 
velocity of the injection water must therefore rapidly increase, 
and the jet will dash against the bottom of the piston, and be 
scattered through the whole capacity of the cylinder. In a very 
short space of time, therefore, the condensation of the steam 
becomes universal, and the elasticity of what remains is almost 
nothing. The whole pressure of the atmosphere is exerted on 
the upper surface of the piston, while there is hardly any on its 
under side. Therefore, if the load on the outer end E of the 
working-beam be inferior to this pressure, it must yield to it. 
The piston P must descend, and the pump-piston L must 
ascend, bringing along with it the water of the mine; and the 
motion must continue till the great piston reaches the bottom of 
the cylinder; for it is not like the motion which would take 
place in a cylinder of air rarefied to the same degree. In this 
last case, the impelling force would be continually diminished, 
because the capacity of the cylinder is diminished by the descent 
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time warmed by contact with the steam, so as to impede the 
process of condensation, and ultimately tilling up the interior of 
the condensing chamber, which should be kept vacuous , and 
further, that the steam itself, becoming reconverted into water. 
would in a short period of time accumulate in the condenser and 
choke it up. Hence a principal and essential appendage of the 
condenser is a large pump, called the condenser-pump, or air- 
pump, which is essential to its long-continued efficient action, 
and which withdraws a portion of the accumulated warmed 
water from the interior of the eondenser, and keeps it vacuous; 
and because there is generally air in combination with the 
water, and because also air is very apt to insinuate itself by 
many chinks or crevices into the condenser, this clearing-pump 
must be capable of pumping out air as well as water. 

AVatt ia reputed to have introduced a " surface " cmdenser also, 
but in>1ead of being as Newcomen's, it had a number of tubes or 
Hat surfaces, through which the steam passed in the form of a 
vapour at one end and a Huid at the other, from the action of 
cold water surrounding the surfaces. 

In the year 1S20 steam navigation had been introduced 




nineteen years, and the side-lever engine — a copy of the land 
beam engine with inverted position tor the beam — came into 
much use. The arrangements of the air-pump and condenser 




an iron casing of any convenient shape. Mr. Hall at that time 
entertained the idea that the steam should surround the tubes 
and the water pass through them, but not freely, but should 
rather be made to " fill and bold in " the tubes, 
instead of a free current passing as we now 
adopt. To accomplish that, each tube was 
fitted as shown by Fig. 4, which is a cap- 
nut enclosing the top, with an opening in the 
cap of a lesser area than the area of the tube, 
to admit the water therein ; and the other end 
of the tube was fitted the same, but also with 
an inside nut as shown by dotted lines. The 
packing proposed was iudianibber and can- 
vas, and the tube was " screwed " for a certain 
length at each end. 

Mr. Hall had also another feature in his 
invention, which was that the water entering 
the tubes should be "strained," to prevattj 
any solid matter, as much as practicable, from 
entering and choking them, which arrange- 
" *i', iL . i ' * I ' "i i , . ' >'^ m' "i^ ; ! '.' " m, ' nt i s illustrated by Fig. 5, being an illus- 
tration of a portion of a condenser, with the 
tubes packed as explained, and covered by a perforated plate ; 

lint, in m mbm lln? plate was removed, and little curved 

pipei were used instead of the openings in the nuts, as shown 
ill dotted lines in this view and in Fig. 4. 
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We cannot help remarking, that although Mr. Hall founded 
Surface Condensation, he carried it out, to begin with, in as bad 
a way as possible, by the adoption of the " perforated plate, the 
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Water-lubes, invented in the year 1831. 

cap-nut, and the little curved pipe on it;" in fact, nothing could 
have been more fatal to his scheme, inasmuch that although he 
wanted the water to carry off" the heat, he did all he could to 
prevent that operation. 

As an evidence of this, nothing of any practical value was 




done until the year 1837, when the S.S. " Hercules " was fitted 
with a, surface condenser having the steam inside the tubes, as 
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bated by Fig. li, on the preceding page, ami soon after 

was fitted with one oi' a similar arrange- 
ment ; bat in both cases Hall discarded 
liis "cap-not and small pipe," and put in 
their place the sensible plan, as illustrated 
by Fig. 7, for packing the tubes. lie still 
''held" to his perforated plate, however, 
hut that soon gave way to a method, for 
better distributing the steam as illustrated 
by Fig- 8, which is a series of thiu curved 
plates, fixed on the tube plate at equal 
distances and at the main inlet, so that 
an equal area for the flow of the steam is 
ensured to an equivalent amount of tube 
openings. This was the best method then 
ihi known, and finally led to the absence of 
that and all the preceding steam dis- 
tributors, and in their place the free admission of the steam over 
the tube plate became generally adopted. 

From this date, 1,838, the condensation of steam was very 
popular, and attention was next turned to reduce the size of the 




pumps, by making them double instead of single-acting, and the 
first of this kind is shown by Fig. 9. The aetion of the piston 
being "solid," duplicate valves are situated over and under the 
pump, and thus a continual suction and discharge is maintained 
during the up and down motion of the piston. The "working" 
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■ ;-■ piston rising the Ix)ttom left-hand 
- tin' top right-hand valve, but the 
■ tin- pump, and the latter permits the 
in' return stroke of the piston a reverse 
valves occurs; it being understood that 
stationary while the other two are in 
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VOU LAND ENGINES. 

In the year following, 1863, we designed a blowing beam 
engine for large Smelting works near London, and the condenser 
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Kwiding a " foot " valve, to prevent the return of the water 

ito the condenser, by omitting that valve, as shown by Fig. 12. 

'his arrangement is the best rn. i«, 

>f its class, on account of the 
piston valve being made to 
open freely, to admit the water 
into the pump on the descent 
of the piston. This has an- 
swered very well, and main- 
tained as good a vacuum as 
the Watt arrangement does. 

In two or three instances 
we have lately arranged the 
foot valve as shown by Fig. 
13, where it is seen inverted 
in the bottom of the conden- 




ser, and the top discharge Corm*i, a 
valve entirely removed. This v™ ib: 
lias answered as well, and in 
many cases far better than 
the ordinary method, with a 
considerable saving by the 
absence of one valve seating 
and fittings, besides the les- 
sening of friction. The level 
the discharged water in 
this ease was always below 
the top of the pump travel. 
As far back as the year 

[S82 we introduced the over- 
bead condenser, as illustrated 

bj Fig. 14 on the next |>aL r '-'. 
thus upsetting the former 
arrangements entirely. We 

ntrodueed a plunger piston packed at the bottom end. and 

idjnsted therefrom also. Two valves only were required at 
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stration that falling water produces a vacuum immediately around 
it, we concluded that the injection water should fall on the steam, 
and that the contents of the condenser should fall into the 
purap, and there our theory ended ; for we cared not much how 
the water was dispensed with afterwards, but nevertheless carried 
it oft" in the best way we knew. "Well, the result was an extra 
two poundB of vacuum gained, over the old arrangements, with 
half the power to work the pump. 




In another way this has been partially accomplished by 
putting both the valves under the pump, as shown by Fig. 15 ; 
but this arrangement could not, under any circumstance, 
accomplish as much as that preceding it, because some of the air 
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on the water would remain in the passage between the valves, due 
to the reduction of the area of the discharge limit at the top ; 
while by reversing the situation of the discharge valve a better 
effect could be ensured, as illustrated by Fig. 16 on the preceding 
page. Here it will be noticed that the discharge valve opens widest 
at the top, and thus a primary discharge of the air, followed 
by the water, occurs. The closing of the valve is occasioned 
by its elasticity, and the water pressing on it through the 
perforations in the guard. 

It will be remembered that the examples of condensers we 
have hitherto noticed, excepting one, have the steam entering at 
the top and the injection pipe below, so that the water rises 
to meet the steam. A more efficient method is illustrated by 
Fig. 17, where the water pipe empties itself into a space at the top 
of the condenser, and the plate directly below being perforated, 
a " shower " of water falls to meet the steam as it enters the 
condenser directly under the plate, by which means a better 
vacuum is obtained than by the ordinary " rose " pipe. 



Fin. 17. 
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Spray Plate " Injection Condenser, used since 
the year 1856. 
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CHAPTER III. 

modern injection condensers for oscillating paddle-wheel 
marine engines practically considered. 

Injection Condensers and Air-Pcmps for. Oscillating 
Paddle-wheel Engines. — The arrangement of the air-pump and 
eonctemez for this class of engine com menced about the year 1830, 
when Messrs. Penn and Son introduced them. As the engine 




power is comparatively small, the pump barrel and condenser 
are usually in one casting, as illustrated by Fig. 18. The three 
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The condenser is also at the side, instead of being ;i 

the barrel; in fact, the entire mechanical connections 

quire, from their size, to be as illustrated, rather than as in 

ceding example. This arrangement is used for angular 

oscillating engines chiefly, where the two connecting, or piston, 

rods, are attached to the same crank-pin, and the pumps and 




condensers at the ends of the engines instead of between them, 
which, when occurring, the pumps are angularly situated, as 
shown by Fig, 20, and the engine cylinders vertical, when 
f licii' pistons are at half stroke, or what is termed the '■ vertical 
oscillating engines." 
This is a very neat arrangement, and is now universally 
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f notice, which consisted of being double-acting, with duplicate 
valves on each side of the barrel, and the piston worked 
vertically under any circumstance of use. 
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The main attainment is, that as the suction valves are at the 
top of the pump, and those for the discharge immediately above 
them also, the piston acting as a "plunger" instead of a 
" bucket," the water therefore " falls " into the barrel and thus 
a " syphon " action is produced. 

Treating next of general matters relating to pumps, it must be 
noticed that Penn, Maudslay, and RaVenhill have sometimes put ' 
the discharge valve directly over the air-pump piston, allowing 
the trunk to pass through the top valve seating, and studs or 
bolts passing through the top cover retain the seating in 
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question in its position. This, although objectionable as an 
arrangement theoretically, is not found practically inconvenient, 
as the entire portion above the foot valves, with small engines 
below 50 horse power nominal collectively, can be removed 
without a separate disconnection. 

Notwithstanding these facts relating to small engines, and 
that doors are arranged to admit access to the " foot valves " in 
larger examples, it is obvious that in either case an independent 
means of access to the separate portions is not available. 
Another question also presents itself for due attention — the 
position of the. condenser relative to the air-pump. It is seen 
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that the general practice, from the examples previously noticed, 
is to arrange the condenser and pump on the same level in 
principle, and thus the water will not rise in the pump — by 
gravitation — above that in the condenser. Tin- drainage of the 
condenser is only admitted by the rising of the air-pump piston, 
and should the latter not be in perfect order, a great loss of 
vacuum is the result. The main cause for the universal 
adoption of the arrangements in question, combined with the 
knowledge of their several defects, is that the motion imparted 
to the pistons is from the crank shaft, and thus an almost 
vertical action imperative. The condenser also, with large 
engines of great weight, must, or should be, as low in the hull 
of the vessel as practicable. The pumps are, as a rule, with 
little exception, single acting, and thus the foot valves are at 
the bottom of the condenser, at the base of the pump; the 
recessed portion, directly below the barrel, admitting an ac- 
cumulation of the condensed steam and water under the valves 
in question. On the piston rising, the foot valves open ; the 
water leaves the condenser and a-so-nds in the pump, although 
the natural course of the fluid is to descend. The piston, when 
descending, closes the foot valves by causing a load on them, 
due to the water in the pump; the weight is next, relieved from 
the valves by the rising of the piston, and the final discharge 
effected. Now the action of the piston and valves as arranged 
in the examples alluded to being obvious by noticing the 
illustrations, the description just presented may seem un- 
necessary ; it must be added, however, as a cause, that although 
the remarks in question are in connection with the prior examples, 
they refer comparatively to the arrangement next to be alluded to, 
represented by Fig. 23 on the next page. In this example 
the condenser is above the pump, the bottom of the former 
being nearly level with the exhaust opening in the trunnion. 
The siicf.imi valves are inverted, ami the discharge valves laterally 
situated directly below the former. The piston is of a peculiar 
sectiou, recessed to suit the requirements of adjustment, and 
effecting an almost perfect discharge from the space directly 
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. steam that may accumulate in the exhaust steam 
I at the front of the condenser. 
sectional elevation having been thus far alluded to 
must now be directed to the plan. To render this 
ictical as well as conclusive, one half is shown in section 
9 other complete. 
his arrangement of condenser is especially adapted to admit 
nple space for adjusting and renewing the adjustment and 
letting of the exhaust trunnion stuffing boxes, an advantage only 
) be appreciated by those who are acquainted with the cramped 
j generally allotted for those purposes. Access to the entire 
Eft of valves is attained by doors suitably placed, the repre- 
sentation of which is seen in both views. 

Next to be considered is the actual gain by the adoption of 
the arrangement under present notice over those previously 
alluded to as the common practice. It will be remembered it 
has been stated that, with the usual arrangements, " on the 
piston rising the foot valves open." Now in the present case 
matters are reversed, the valves, common to the condenser, open 
only to drain the same, when the piston is descending; after 
this is accomplished the water is discharged without passing 
tlirowjh the piston; thus finally the same result ensues, the 
water is discharged when the piston is ascending — as before — 
but the foot valves are closed. Further than this, as an actual 
gain, the gravity of the water assists the action of the pump 
when draining the condenser. By this arrangement a better 
neaoiD is certain, aud one entire set of piston valces dispensed 
with. Economy of material is thus produced, simplicity of 
arrangement effected, and the main attainment— "perfect con- 
densation " — rendered certain. 
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under the condenser. The piston rod pui-? 
bottom of the condenser, in which latter coni| 
vliiinnel is formed. The discharge chamber 
of t lit* ordinary kind, with the feed water pip 
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half that time. The sectional plan is shown by Fig. 25, and 
the complete end and sectional elevations by Fig. 26. 

Messrs. Penn, it will be remembered, put the trunk and 
connecting rod in the steam cylinder, but Messrs. Napier, to 
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escape that, put those details in the condenser, and thus made 
the trunk a single-acting plunger pump, worked by two piston 
rods from the steam piston. The condenser is arranged partially 
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Hon and access for repairs. The pump 
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under the same. These valves are rectangular 
i the Beatings perforated like the honeycomb, rather 
■ or round passages. The guards are flat perforated 
■ requisite angle, in proportion to the lift sufficient 
s. The doors for the inspection, renewal, &c, are 
ick of the discharge chamber. This latter coinpurt- 
i iver, and partly around, the barrel. The discharge 
is above the roof of the condenser, rather than level 
i it. as in many instances. 

1 Ik snifting valve, in the section under notice, is at the 
wit of the condenser, while in other examples the back of the 
■ame is considered the preferable position; certainly the latter 
losition is the more accessible. 

No sooner had Messrs. Kennie brought their arrangement 
Ufa frequent use in their practice, than Mr. Tod, of Glasgow, 
ntroduced his, as illustrated by Fig. 28, which is sectional and 
:ompIete elevations of the condenser and pumps. Fig. 29 is a 
.ongitudinal sectional elevation, and Fig. 30a sectional elevation, 
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showing the pump in complete view. The air-pumps are 
disposed within the condensers, and in the same horizontal plane 
with the main steam cylinders, and they balance the latter on 
the opposite side of the keel line. Each main steam piston is 
fitted with four piston rods, disposed in a parallelogram, and 
working through stuffing boxes in the front covers, or on the 
end of the cylinders next the keel, so that there are in each an 




Elevation •■{ Tod'- Condenser, 
'" e I'ump* in complete view, 
the year 1 «^. 

upper and a lower pair of rods. Those piston rods are cottered 
by end connections to other and corresponding rods which pass 
through stuffing boxes in the front end of the condensers next 
the keel, and of course immediately opposite the stuffing boxes 
of the steam cylinders, two being above and two below the 
main cranked or engine shaft. All the rods pass directly 
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Four years from the last date, or in the year IS6S, Mr. 
Jackson, of the Canal Iron Works, — Seaward's old works, — 
patented and made the arrangement shown by Fig. 31. 

Instead of employing a guide block and guides, or any of the 
usual methods for guiding and supporting the outer end of the 
piston rod at its junction with the connecting rod, and instead also 
of working a pump by a lever, or from oil' the crank, or by an ec- 
centric, or other means of communicating motion, those two means 
for guiding the piston rod and working the pump are effected by 
placing the pump barrel with its longitudinal position in or nearly 
in a line with the cylinder, between the cylinder and the crank 
shaft. The pump plunger or piston is connected to the engine 




piston rod, and also to the end of the connecting rod of the crank- 
pin, by a pin, and the connecting rod being forked, thus the pump 
is worked direct, and forms also the guide for the piston rod. 

For injection condensing engines the air-pump is the pump 
emplo}'ed in this manner, and its piston or plunger is of sufficient 
diameter to allow of a trunk large enough to permit of the 
connecting rod vibrating therein ; and where the distance 
between the cylinder end and the crank shaft is limited, as is 
generally the case in horizontal marine screw engines, it is 
preferred to employ a single-acting and single trunk pump, the 
capacity of the pump chamber or barrel being regulated by the 
dimensions of the annular space, or the difference between the 
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exterior diameter of the trunk and the interior diameter of the 
pump barrel. 

In inverted direct-acting screw engines the valves may be 
placed at the bottom of each pump in direct communication 
with the condenser, as illustrated. In every case the connecting 
rod works within the trunk of a pump placed between the 
cylinder and the crank, and the cylinder of the pump and the 
packed end or ends thereof, or the piston and the gland alone 
are the means of guiding the piston rod, and of taking the 
thrust due to the angular motion of the connecting rod. 
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Condensers and Air-Pumps for Direct-Acting Screw 
Engines. — The type of condenser now under notice is the 
ordinary kind, fitted with double-acting air-pumps, and in the 
place of a plunger, a piston is used, and a rod connects the same 
to that in the cylinder. 

With this arrangement of engine, or direct acting, every 
facility is available to arrange the condenser pumps and valves 
as compact as practicable, and this advantage is well represented 
by the following examples. 

Messrs. J. Penn and Son arrange the valves and pumps as 

i) 2 



illustrated by Fig. 32, on the preceding page. The condensing 
and discharge chambers are above the periphery of the pump. 
The suction valves are inverted at the side of the barrel, and 
those for the discharge are directly above, with upward action. 
The barrel is a tube cast midway of the length ; each set of 
valves are arranged to drain aud discbarge simultaneously — or 
when the front end set is draining the coudenser, those at the 
opposite extremity are permitting the final discharge. The 
arrangement under notice is in duplicate portions, thus rendering 
each condenser, pump, and set of valves common only to the 
opposite engine. There are two practical advantages resulting 
from this ; first, a saving of patterns, and secondly, portability 
for erection. Further than this, another gain is efl'ected, i.e., in 
the event of either engine being disabled, the one at work is 
not subject to both condensers, sets of valves, &c, 

A longitudinal section of the arrangement will show the 
valves arranged the entire length of the condenser, in sets of 
four and two rows, on each side of the central rib, supporting 
the barrel ; and this in principle relates also to the succeeding 
examples, where the valves occupy the length of the condenser. 

The exhaust steam enters each condenser at the top, or on 
the roof of the condensing chamber. The injection water is 
introduced at the side — fore and alt — directly below the roof, 
therefore an instantaneous effect is ensured. The discharge 
opening is nearly level with the bottom of the chamber over the 
pump. The doors for access to the suction valves are at the 
back and front of the chamber below the same ; those for the 
discharge valves are on the roof, near the central side or 
connection of the structure, 

Following next as the originators of well-arranged air-pumps 
and condensers are the well-known firm of Messrs. Humphrys 
and Tennant. They, unlike Messrs. Penn, prefer one con- 
densing chamber common to both cylinders, as shown by 
Fig. 33. The discharge chambers are on each side of the 
condenser, and both are sufficiently high above the pumps to 
enable a free passage for the water. At the back end of the 
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condenser the discharge chambers are connected by passages, 
and thus one discharge pipe only is requisite. The suction 
valves are inverted in the bottom of the condenser at an angle ; 
and the discharge valves, with a reverse action, are secured in 
the bottom of the discharge chambers. 

The valves are the flat kind, almost square in plan — the 
seating being perforated in the ordinary manner. The guards 
are twin-angular, and thus the valve rises and falls on each side 
of its connection. 

The exhaust steam enters the condenser at the front end, 
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below the roof, and the injection water directly opposite. The 
doors for access to the valves are at the sides and top of the 
respective chambers. 

The arrangement next worthy of notice is that by Messrs. 
J. and AV. Dudgeon, represented by Fig. 34, on the next page. 
The central compartment is the discharge chamber — common to 
both pumps — and the condensers are on each side of the- same. 
The suction valves, of the disc kind, are inverted at an angle, as 
in the previous example, also the position of tiie discharge valves 
are similar. The exhaust steam outers the front of the con- 
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denser below the roof, and the injection water flows in at the 
sides, to render a vacuum certain. 

The doors, for internal access to the suction and discharge 
valves, are at the front, back, and sides of the chambers. The 
discharge opening is at the back end, and directly below the 
roof, instead of the base of the chamber. 

If not in design, certainly in arrangement, the illustration 
depicted by Fig. 35 forms a striking similarity to that of 
Fig. 33. The situation of the condenser is the same, also the 
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discharge chamber, but the injection water is admitted at the 
sides — at the back end, rather than a central position. Both 
discharge chambers are connected at the back ends by a 
and the discharge pipe is connected to the central opening. 

Injection Condensers for Return-Action Engines. — The 
type of engines, in connection with the condensers now to be 
noticed, interfere with the arrangement of the pumps and valves 
to a considerable extent. The steam piston rods have to be 
prolonged at the sides of the condenser, and the guides must 
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be in close proximity. Certainly then, the authorities are to 
be commended for their different productions, each accomplish- 
ing the same result by dissension of opinion. As a proof of 
this, it must be remembered that eacb maker deals with the 
same evils common with the type of engine ; therefore, no 
chance for escape or obviatiou is possible. Now with " single 
piston rod direct-acting" and "trunk engines," all makers of 
these examples can freely employ the most compact arrange- 
ment of condenser, &c, and thus the cylinders can be situated 
at the least possible space apart. 
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It being evident also that with all engines, whether marine 
or not, two compartments are essential to produce condensation, 
such as " condensing" and "discharge" chambers, and that the 
former should be above the air-pumps, &c, the engineer has, 
therefore, to consider which chamber shall be centrally placed in 
the arrangement, or rather which shall be "fore" or "aft" of 
the connecting and piston rods. In conjunction with this, 
attention has to be given to the transverse space required for 



the valves, and the fact also that the 



'air-pumps" can be 



worked by the steam piston is often the cause of much trouble 
to obtain that connection for its motion. 
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This matter has resolved itself into three questions, as pre- 
liminaries : First, shall the condenser be between the irtnt-r 
piston rods of eacli engine, or beyond those outside the guides ? 
— the discharge chamber being, of course, similarly effected ; 
secondly, shall both chambers be centrally placed? and thirdly. 
shall the entire arrangement be outside, or fore and aft, of the 
rods? and thus one air-pump and condenser be away from the 
other. 
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No firm has devised more varied examples of the type of 
pondeuei under notice than Messrs. Mamlslay, Sons, and 
Field, And their latest and best production is illustrated by 
Th« ntr-pump's centre is within the periphery of the 
i I In,. in ,iud the entire arrangement of chambers, valves, and 
|ium|>-., ll outride the fore and aft piston rods. The condenser 
nliiii- form— common to the requirements determined — 
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although the discharge chamber may almost he deemed an 
intrusion in the former compartment. The suction valves are 
inverted above the pump, and those for the discharge are 
correctly arranged in the bottom of their respective chamber. 
The exhaust steam enters the condenser directly above the 
partition or roof of the discharge chamber, and the injection 
water is admitted near the roof of the condenser. Suitable 
doors are secured at the eud of the structure to inspect or renew 
the valves : the discharge water, of course, passes out at the 
back end between the roof and base of its chamber. 

This distribution of the details is as compact an arrangement 
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as almost possible, admitting the late improvements, and that 
too with the evidence that practice in the hull has not belied 
the theory founded in the drawing office. 

For engines of moderate power, or about 200 horse-power 
nominal collectively, Messrs. Maudslay adopt the arrange- 
ment illustrated by Fig. 37. In this example the suction valves 
are baloic the air-pump, and those for the discharge above. The 
condensing compartment is at the front of the arrangement, and 
extends for the entire length under the air-pumps. The dis- 
charge chamber is centrally situated between and above the 
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pumps. The exhaust steam is admitted at the front end, and 
the injection of water directly above. The discharge from the 
chamber is effected at the back end directly above the valves. 

It will be noticed that due attention has been directed, by 
the designers, to the accessibility to the valves — the doors, lor 
that purpose, being afmir. each set rather than at the side of 
each compartment. It is also apparent that, with this and the 
previous example, the steam piston and air-pump rods are 
directly above each other, thus retaining a similar position for 
the pumps in relation to the cylinders, so that " arms " could 
be used if preferred, which is one of the important features in 
the subject under notice. 

Fm. 3B. 
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Messrs. Itavenhill and Hodgson are next to be alluded to, in 
connection with the present subject. This firm for some time 
adopted the arrangement represented by Fig. !3$. In this case 
the condensers are separate, centrally placed, and extend under 
the guides for the piston rods. Almost in a vertical line below 
the outside piston rod, the air-pump is situated, deriving its 
motion from the steam piston. The suction valves are level 
with the bottom of the pump at the side, and those for the 
discharge directly above. The discharge chambers are therefore 
Outside the piston rods, and thus both compartments form — by 
fchflil positions — a channel (or the main parts of each engine. 
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The exhaust steam enters the chamber at the front end near 
the roof, and the injection water is admitted directly below at 
the opposite end. The doors for the various purposes are at 
the sides of their respective chambers, and thus the entire 
arrangement may be termed compact and efficient. 

The correct position for the condenser is — as often before 
stated — above the air-pump, and the firm in question have duly 
recognised this by their arrangement depicted by Fig. 39. 
Here it will be noticed the suction and discharge valves are 
al)Qve the pump, each set level with each other, and in reverse 
positions to those in the previous example. The chambers also 
are in contrary positions in relation to the piston rods and 
guides, but forming a similar channel. 




Diameter a 

The condensers are fore and aft of the piston rods, in sepa- 
rate compartments common to each cylinder. The discharge 
chamber is centrally placed, or between the pumps over the 
same, and thus a single compartment is adopted in the place of 
duplications. 

The exhaust steam enters each condenser at the roof, near the 
front end, and the injection water valve is at the back end. 
The position of each air-pump in relation to the piston rods is 
almost central, rather than as the prior examples, but the great 
distance between the valves causes a great " wash " on each 
side of the pump. The discharge pipe is secured at the hack 
end directly above the valves. The means for inspection is 
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provided fur by doors, situated on the roof of * 
i liuiiil"]', and at tlie sides of each compartme' 

ftondaBMT*. 

Atli'iilion is next directed to the arrangemen' 
Fig. ML This is originated by the author, th- 

liiin^ In adopt the admntages common with 

I'm' din itaottag enginea, and apply them to 1 

tttM in an equity simple manner. 

It will bfl ni>tiivd that the condenser is n 
ftfovfl the air pinups. Tlie discharge eh; 
foiuU'iisLT, ln'two/n * In' pumps, and by ' 





economized. The guide cbu 1 
boiiis* a reverse position to that 
Maudslay. shown by Fig. oft, OB 
i* admitted Tor condensation below 
the front end, opposite I 
position of the suction valves are si 
pftge S». but tbe disrhj-_ 
ua the chamber — Wag unlike ai> 
alluded to. To en*«re the air es. 
eavh stroke of the jasto: 
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main valves. The discharge water passes out at the back end 
of the chamber. The doors for access to the suction valves are 
those of the air-pump barrel, and those for the discharge valves 
are at the back and front ends of the respective chambers. In 
some instances the suction valves have separate doors at the 
sides directly above the pumps. 

Relative to the discharge of the air, our attention was per- 
tinently directed, as far back as the year 1860, to the fact that 
the complete discharge of the air and water from the condenser at 
each stroke of the pump must conduce to the better working of 
the latter, as well as maintaining a good vacuum in the former ; 
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and as our practice makes the acquaintance of all the best 
examples then and now in use, we could discern their defects 
and the causes, together with the advantages. This knowledge 
prompted the arrangement as illustrated by Figs. 41 and 42. 

The valves are all inverted over and under the pumps, so as 
to allow the water to full from the condenser, and thence through 
the lower valves, and is next by the plungers forced from the 
lower chamber through the discharge pipe into the sea or river. 
Thus the water was discharged, hut we had the air remaining, 
because it always rises to the surface of fluids when a disturb- 
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atice occurs; and to force out the air in the pumr 
valves, working upwards in casings, which are coi 
pipe that extends to the roof of the condenser; 
pipe led to the main water discharge opening in tl. 
thus the water passed away from the base of the 
and the air from the roof. 

Besides the advantage of causing almost a pi 
this arrangement admitted that the steam cylii 
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brought as close together as then 
in dotted lines in Fig. 42; while also tft 
casings were within the vertical centre tin 
fact not obtainable by any other arrangl 

In the year 1^(15 considerable 
the Admiralty officials — and of course th 
contractors felt the shock — as to the best t , 
screw propellers. There was no 
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bat there was about the engines being put into a small space ; 
iu fact, to occupy more room than those for the single adaption 
would have been considered a barrier to the success of the 
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other. It happened therefore that designs were sent in from 
all quarters, some with the condensers across midships, and 
others at the sides, the cylinders being reversely situated. 
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We amongst the rest did our best ; and thin 
msgUMnt illustrated by Fig. 43, on the preceding j 
originated, being based on the fact that the greatest 
a ship should be on the keel, or " thereabouts." I !q 
we put the condensers and pumps in the centre of t) 
transversely, and the cylinders as near that as pract ical i 
piston rods' guides beyond, and also the supplements 

A very good arrangement of duplicate condenser 
was designed and constructed by Messrs. James W 
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for twin screw engines, in the year 1>06, 
Fig. 14 in transverse, and by Fig. 45 in longi, 
mid eomplete elevations. 

The condenser is in the centre of the 
above view, but in that preceding it is sh' 
about seven inches from the discharge side 
forming the connecting passage of the two 
that are at the ends of the pump barrels, as 
view. The sea injection pipe is shown 
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views, and the bilge injection inlet in the complete elevation, 
where are also the valve-doors and discharge water-pipe shown. 

The arrangement of pumps and condenser shown below is for 
twin-screw engines also, by Messrs. Dudgeon. Each plunger is 




worked by a connecting rod on the main crank pin, on each 
side : the condenser is between the pumps, and the discharge 
chambers directly over them : the suction valves are vertically 
situated, and those for the discharge horizontally. 
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CHAPTER V. 



TUBULAR ARRANGEMENTS FOR SURFACE CONDEN8. 
PRACTICALLY CONSIDERED. 

Forms and Arrangements op Turks. — Although it 1 
proved nearly forty years ago that a straight tube i 
steam passing once through it was the simplest and best 
possible for surface condensation, yet inventors raised new- 
ideas to the contrary, and patented them too, to sub* 
if possible, certain novelties, in spite of their uselessnea 
Amongst the novelties that were thrust into notiet 
arrangement shown by Fig. 46, being an end sectional 
of two sets of spiral tubi 




in fact, if it became nearly choked it became wort 

Of course it is admitted and undt'i'stuud that i 
surface was the main consideration in the*: c 
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that was at the sacrifice of cleansing ami repair, the idea became 
useless in practice. 

Two years before the last date, no less a person than Mr. 
James Jack, of Liverpool, came before the public with his two 
notions of surface condensation. His first, as shown by Fig. 48, 
fat, 47. 

-mmmmmm- 




was to use Hall's old perforated plate, which we have shown 
by Fig. 5, on page 9, and to patent it also, terming it " his 
improved perforated attachment, through which the water is 
allowed to fall on horizontal tubes." His second claim was as 
illustrated by Fig. 49, in which the tubes are syphons, and 
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Retracing our steps a little, we direct attention to the now 
universal English arrangement, which was introduced about the 
year 1865, and has since become a special favourite by all the 
leading marine engineers of Great Britain. This is illustrated 
in sectional elevation by Fig. 53, aud is arranged for either 
inside or outside condensation. The connection, or jointing, of 
the separate portions are ranch to be commended, it being a 
really "good job," taking into consideration access for inspec- 
tion, cleaning, repair, and economical construction. 
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CHAPTER VI. 

TUBE PACKINGS POK SURFACE CONDENSATION 
PRACTICALLY CONSIDERED. 

Screwed Tubes and Gland Packings. — When Hall began to 
introduce his system of surface condensation, no little trouble 
was found in packing the tubes. His fio. 54. 

first attempt is shown by Pig. 4, on 
page S : in that case he used nuts on 
the tube inside and outside the plate, and 
conically recessed the latter in the bole 
to receive the packing ; that was, how- 
ever, double duty to accomplish a single te" 
purpose, the contrast being illustrated 
by Pig. 54, to prove our remark. Here 
the tube is screwed with the gland 
on it, as a nut, and a parallel recess 
formed in the plate to receive the pack- 
ing, so that the "under" nut, as Hall 
used, is not required. 

Fifteen years after this an American, 
named Stimers, introduced his idea for 
screwed tubes, as illustrated by Fig, 55 : 
this was very simple indeed, being but 
a screwed connection witli one plate 
and none with the other, and the top 
of the tube was slotted to use that end 
as a screw. We need scarcely remark that this idea failed in tuto, 
and serves but as warning to young engineers. 




M THE CONDENSATION OK STEAM 

Retracing our steps a little, we direct atteiit' 
universal English arrangement, which was iutroil 
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ring of indiarubber, instead of two solid rings as Spencer uses. 
We may add those methods were alt "very well" while the 
packings were elastic ; hut directly they became dry and hard a 
leakage occurred, which was as provoking as disastrous. 

Another self-acting ring-packing is shown by Fig. 58, which 
consists of a nozzle screwed into the plate for each tube, and the 
ring contained in a recess in the nozzle. 

To " pack the tube " the ring is first put in the recess, the 
nozzle is then screwed "up;" next the tube has a metal cone- 




piece put in its end, which enables the tube to pass through the 
ring readily, and by taking the cone away the joint is made. 
This is the simplest method for " ring-packing," as far as labour 
of packing is concerned, we know of; but the manufacture to 
arrive at that stage is very expensive ; indeed, sufficient to 
nearly condemn the application. 

Now if reliance can be put in the continuance of the elasticity 
of indiarubber, or its equivalent compound, the illustration, 
Fig. 59, is the simplest self-acting packing arrangement before 
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us, because the hole in the [date is a plain one — " right through 
alike " — without recessing- or screwing, and therefore labour is 
reduced to the smallest limit. This was patented by a Mr. Fur- 
lunge in the year 1851, but has not yet received much favour 
by the makers and workers of surface condensers. 

At the end of the year I860 a Mr. Horn introduced a novel 
kind of tube packing, as shown by Fig. HO, which wan 
originated by a Mr. Allen, in America, about one year before. 

Here wood was used, in the place of metal, indiarahber, or 
cotton, by simply making it in short tubes, or long rings, and 
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forcing tliem into smaller holes than their original diameters, 
the proportion being about -^ g inch less for each £ inch of tin- 
tube's diameter. As for example, for a f inch tab* outside, the 
hole in the plate would be \-g inch diameter, but the wood 
packing normally is 1£ inch in diameter, and when fitted 
in, swells at the extremities as represented, and tightens inside 
and outside at the same time. 

Plain Tubks and Plate Packing.— This class of packing 
consists chiefly in the economy of labour in " screwing-up " the 
glamls, or compressing the packing of any number of tubes, 
at once rather than each separately. 
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Mr. Macnab, in the year 1SG0, patented his ideas on this 
■abject, as shown by Fig. 61, On the left hand a single tube is 
shown as packed by an indiarubber and metal washers, and on 
the right hand two tubes packed with ferrules, as an addition to 
the other, are illustrated. 




Another method is shown by Fig. 62. In this case flanged- 
ring washers were used, which covered the ends of the tubes as 
well as surrounded them, but what is accomplished by such an 
arrangement is not yet known. 

As to the worst position of the tubt;s relatively with the pack- 
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ings proposed, Mr. Maenab seemed to have been in a state of 
happy ignorance, which fact is illustrated by Fig. 63, where it 
can be seen that in the aggregate there are required a stud, 
nut, and washer, with each tube-packing, and those details keep 
the tubes farther apart than would otherwise occur. 

About this time a Mr. Sewell patented a plate packing, as 

shown by Fig. 64. This arrangement required a separate metal 

plate, formed with holes and recesses of the same "pitch" as 

the tubes, and also a sheet of indiarubber similarly perforated. 

Fig. 64. 

L 
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The method ol' applying those details is this : the indiarubber 
plate is put on' the tubes and pressed around them, until they 
protrude ; the metal plate is put in position, and the nuts on the 
set studs " screw up " the plate, and thus compress the india- 
rubber sufficiently to make all the tube joints perfect at the 
same moment. The advantage with this is merely in the Utter 
attainment, because in the case of repair or renewal the outer 
plate must be removed, even for a single tube. This arrange- 
ment has gained much favour in England and America, on 
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i the facility for packing all the tubes at once, and 

mising the time and labour of the contractors. 

memorable Exhibition year, 1862, a French gentleman, 

M. de Normandy, patented the method of plate packing 

it illustrated by Fig. 65. This was the application of a 

plate as Sewell's, but instead of a single plate of indiarubber, 

rings of that material were used on the ends of the 

tubes, and they were compressed as shown to make the joints 

perfect by the bolts and nuts. 

The American engineers about this period tried various 




methods of tube packing, which were nearly all on the 
*' Sewell " plan, i.e., a set plate, termed a "follower," and in 
the place of the single plate of indiarubber, rings were used, 
and plain glands, or the follower was in portions rather than a 
single plate. After various contrivances the arrangement 
shown by Fig. 6ti was introduced, which is the simplest, and 
eiju;illy effective. Here the tube plate was drilled ibr the 
tubes and recessed for the packing, that being merely rings of 
indiarubber, on which the set plate acted i this was used with 
success, and soon became popular. 
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Screwed Gland Tube Packing. — Although this has been 
referred to on page 10, we have thought it worthy of an ex- 
tended notice, as it is the most practically safe packing yet 
known, and is now universally used in our royal and mercantile 
navies as the most endurable and the best. 

The late Edward Humphrys used this packing extensively, 
and in the year 18(12 he stated his experience. The proportions 
he used are illustrated by Fig. 67. Speaking of a marine 
condenser he had tried for sume time successfully, he said: — 

" Each condenser contains 1178 seamless drawn pure copper 
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tubes, | inch outside diameter and No. 18 wire-gunge or '05 
inch thick, 5 feet 10 inches long, weighing 2S ozs. each tube, 
and lived at 1 inch pitah from centre to centre. The tube plates 
are of CM* gun-metal J inch thick. These are first set as Hat as 
and the tabs lu'les marked out upon them. The holes 
are then drilled under a common drilling machine with a drill 
of two diameters, having a guard upon it to fix the depth to 
which the larger Ammeter shall penetrate the plate. One 
iiiaehiue worked by an ordinary driller drilled the 1178 lioles in 
1 1,, int» jdtle in 70 boon. The tapping of the holes is then 
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proceeded with, and is effected with a tap, having a parallel end 
to guide it, which fits the smaller diameter of the tube holes- 
One man of ordinary skill tapped the 1 17S holes in the plate in 
70 hours. After having been drilled and tapped, the tube plate 
is again set perfectly Hut on a surface plate, and then both sides 
tire faced off in a lathe or planing machine." 

The screwed glands, for securing the packing at the ends of 
the tubes, are made from Muntz metal solid-rolled tubes, which 
are obtained in lengths of about five feet, rolled to gauge both 
inside and outside ; the inside diameter is exactly that of the 
outside of the copper tubes, namely £ inch, and the outside 
diameter is such that when screwed it will exactly fit the tapped 
holes in the tube plates. It is screwed on the outside as it 
comes from the maker in a common screwing machine, and is 
then cut by a circular saw into half-inch lengths to form the 
glands. The saw marks are taken off the ends by a facing 
ratter revolving on a lathe, and the same operation clears out 
the inside of the hole. The notch for the screwdriver is cut by 
passing a number of the glands, when screwed into a plate, 
under a revolving circular saw of the required thickness. The 
packing is composed of linen tape; a piece of this tape 12 
inches long, j 7 s inch wide, is wound round a mandril, the ends 
and edges being slightly stitched, in which state it is readily 
put into the tapped holes of the tube plate, and when screwed 
down by the gland forms a very perfect and lasting joint. The 
thickness of the tape is such that 1300 of these packings weigh 
about 2 lbs. 
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CHAFl'ER VII 



SURFACE CONDENSERS FOK PADDLB*WBEHL ENGINES 
PRACTICALLY CONSIDERED. 

We commence this chapter with the notice of an arrange- 
ment that was copied from the old method of working the feed 
and bilge pumps by levers or projections from the cylinder, the 
copier being a Mr. Davison, and his modification is jflnstnied 
by F'g- 68, which consists of the pumps being worked as 
described, with a condenser for each cylinder, situated in the 
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" wing ? ' of the engine-room. We may add that the piston 
rods of the engine cylinders were guided over the covers to 
resist the strain incurred by the pump's actions. 

Very soon alter this Messrs. James Watt constructed engines 
and inndensers, as shown in notional eleration and complete 



plan by Figs. 69 and 70. The motions for the pumps were 
taken from the trunnions, by levers which connect to the block 
pins in the loops of the rods. As this is a very novel BfflBDge- 
ment and has succeeded well, we add the following particulars 
of the complete arrangement. The condenser is fitted with 
2,407 tubes, each 6 feet long and i inch inside diameter. The 
.circulating and air pumps are each 18 inches in diameter, and 




the stroke the same in length. The arm secured on the cylinder 
gudgeon imparts motion to the rod connected to each pump, 
and the slot added to the rod prevents the vibration curve, or 
versed sine, affecting the motion. The rods are guided fore and 
aft of the centre of motion by brackets cacli 4 inches long, 
secured to the lower frames. The arm clasps the rod by a 
double eye, the brasses being sustained in the slot, and the 
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groove 4 inches. The exhaust steam pipe, 11 inches internal 
dmmoter, is connected to the top of the condenser. Opposite to 
which connection an injection pipe is secured, perforated all 
round ; the diameter of the pipe at the Bangs is -1 inches and at 
the extremity 2£ inches, the length being m 2 feet G inches. This 
pipe is of course only used when the tubes are out of order or 
the injection system of condensation preferred. The length of 
the condenser in the present view is 3 feet il inches, and the 
height 7 feet 9£ inches. 

Thus far the elevation is understood, and the plan must 
next engage attention. This view is represented by Pig, 70. 
The link motion and starting gear is the peculiar kind 
which Messrs. Watt introduced about fifteen years ago. The 
gear consists of a sliding crosshead, guided at each end, and 
connected beyond the guides by rods to the links : the crosshead 
is worked forth and back by a screw passing through it, that is 
supported at each end between the guides. The securing of the 
links in any position is attained by the screw being surrounded 
by two set blocks, in the crosshead, that are set or released by a 
set-screw and wheel-handle. 

The diameter of each of the cylinders is 3 feet 7.J inches, and 
the length of the stroke of piston 4 feet, equal to 120 horse- 
power nominal collectively. The distance between the centres of 
the cylinders is N feet 4 inches, and that for the pumps 1 foot 10 
inches. It will thus be understood that the pumps are situated 
centrally of the width of the condenser : it is almost needles* to 
add that, only two pumps are adopted — one exhaust steam 
gudgeon imparting motion to the circulating pump and the 
other to that for draining the condenser. The suction and 
discharge valves are suitably placed, and doors respectively 
secured, for access, inspection, and repair. The extreme width 
of the condenser, transversely of the hull, is 8 feet 10^ inches, 

In the year 1863, the firm of Messrs. Day and Co. patented 
the arrangement as shown by Fig. 71, on the next page. This 
illustration shows the plan half in section half complete. The 
elevations are shown also complete and in section : the interna] 

t 2 
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pump drains and discharges as before. A communication with 
the circulating pump is effected by the removal of the internal 
door — shown in the sectional elevation — at the side of the air 
pump near the foot valve. By this reverse adoption of the 
several passages, both pumps perform the same duty, and tin 
system of condensation altered accordingly. The utility of the 
remaining stop valves is so obvious that a notice of them 
unnecessary. 

This arrangement is novel and efficacious, but at the 
time wanting perfection of situation for the pumps, in relati 
to the condenser. It will be remembered that the former are 
the centre of the hull, but the latter at the sides of the same. 
Now with engines of moderate power this arrangement may m 
be deemed objectionable, but in large engines the distant 
between the suction valves and the condenser will always lowt 
their action, to say nothing of the "back-wash " always under 
the condensing tubes. A partial remedy for this can be cai 
by putting a second set of valves vertically, secured : 
the condensers in the passages leading from the same to 
pumps. 

The firm in question have fitted the mail steamer " S 
belonging to the P. & O. Company, with engines and com 
as those illustrated in the year 1866. 

The collective nominal horse power is 450, and the dil 

of each cylinder 70 inches, with a length of stroke of . 
The surface condensers have been very successful, products] 
vacuum of 27'5 inches, with a temperature of 130° Fahx. 
the feed water, which is a good attainment. 

Messrs. J. and G, Kennie about the same time Si 
" Nvanza," a sister mail steamer to the " Syria," belonging 
the same Company, with surface condensers and oscillat 
paddle engines. The condensers are arranged in the side H 
of the engine room, and the air pumps centrally of the enj 
as for the ordinary injection condensers — which latter are ii 
also in the case of requirement. In the place of a crai 
intermediate shaft, the firm in question preferred eccen' 
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throw of 1 foot 4£ inches to impart motion to tbe air pumps, 
each pump being 3 feet 10£ inches in diameter. To accomplish 
this, the eccentrics are each 5 feet 2 inches diameter, the in- 
termediate shaft being at that part 22 inches diameter. The 
eccentrics are doubtless tbe largest yet constructed. The surface 
condensers are tubular, both containing 8,700 tubes; each tube 
is T ^j of an inch in diameter ; the total lineal length being 
43,000 feet. The engines are 450 horse power nominal 
collectively, the cooling surface of the condensers are therefore 
14*06 square feet per nominal horse power. The diameter of 
each steam cylinder is 6 feet T 7 5 inches, and the length of 
stroke for the piston 7 feet. Tbe diameter of tbe steel piston 
rods are 95 inches, and tbe crank shaft at bearings IS inches. 
The paddle wheels are 27 feet diameter, with feathering floats 
each 10 feet long and 4 feet 6 inches wide. 

With a mean pressure of steam at 25*625 lbs. on the square 
inch, vacuum 26*125 lbs., tbe engines attained 24*875 revolutions 
per minute, producing 2,600 horse power collectively, and pro- 
pelled tbe vessel 13*5 knots per hour. 

The circulating water is forced through the condenser, by 
centrifugal pumps and separate high-speed engines. 
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CHAPTEE VTII. 

SI'liKACE CONDENSERS FOK INVERTED VERTICAL DIRECT-ACTING 
SCREW ENGINES, PRACTICALLY CONSIDERED. 

The first example we direct attention to is by Mr. Macnab, and 
was arranged by him in the year 1866, as illustrated by Fig. 72, 
which consists of six difi'erent views. The end and side sectional 
elevations with the half-complete view are at the top, and below 
is the plan half in section and complete, with a side sectional 
elevation and plan of the condenser, and a detailed view of the 
tube packing. 

The surface condenser is in this case a rectangular structure, 
represented in transverse vertical and horizontal sections; it is 
provided with horizontal tubes arranged transversely in groups, 
for the passage of the condensing water, and is placed at one 
side of the cylinders and midway between them longitudinally 
as close as possible. 

There are two air pumps, also two circulating pumps for 
forcing the sea-water current through the condenser tubes; an 
air pump and a circulating pump being placed on each side of 
the condenser These pumps arc single-acting, their buckets 
having trunks, acting vertically, being worked by beams or 
levers actuated by the piston rod, cross heads, and cross pins. 
One beam or double lever on each side works two pumps, and 
is also provided with pins for working a feed and bilge pump. 

The condensed steam ilows to the air pumps by channels 
formed in the bottom of the condenser. The air pump bucket 
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does not rise to the top of its barrel ; therefore a little water is 
always retained above it to keep it tight whilst the discharge 




. „f Surfee Comi-justi ui«l l'.,iii|* l.»r Invmi-I Veitlial Uii-frt-ActiiiB Strew 
Eogtou, [iiituitil in [lie ymt ISiiu. 

takes place into the hot well, which is open to the atmosphere, 
and from which the feed pump takes the supply for the boiler. 
Practical means are shown for imparting additional heat to 
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the feed water prior to its entering the boilers, in this way: tl 
two feed pipes are carried up to a casing, forming the top of tl 
main condenser cuing, which is provided witli horizontal tub 
that are arranged at right angles to the main condenser tub* 
The feed water circulates by directing partitions in the ei 
spaces, thereby causing it to traverse these tubes backwards ai 
forwards, for the purpose of taking up heat from the new steal 
which crosses the tubes on its way into the main condenser cash 
The feed water passes on to the boiler by pipes connected to t 
casing, as shown in the elevation and plan. 

Each circulating pump is placed outside of or beyi 
respective air pump, and receives the sea water through, 
communicating witli the vessel's side. The sea water enta 
condenser from the pumps by passages, in connectioi 
spaces, that are formed in the pumps, to act as air n 
Valves may he applied in those passages or immediate 
the pumps. The passages communicate also with 
between the tube plates and covers of the condenser, 
spaces arc separated by directing partitions, which i 
cmmmtl to traverse the successive groups of the tubes inc 
directions, finally leaving the condenser by the outlets.' 
condenser is further provided with a flanged dupli 
water, and witli an outlet for the condensed steam, by m="~ 
which the donkey or auxiliary feed engine of the ship 
made to act upon or clear out the condenser, and ki" 
working condition independently of the main engines. 

Mr. Davison, that we referred to before, lias ah 
ideas in this direction as shown by Fig, 73, which illn- 
elevation, transverse and longitudinal sections of the >" 
and pumps. In the place of the ordinary piston rod • 
vertical motion for the pumps, a horizontal motion i 
that is derived from an eccentric fixed on the crank 
the stroke is one-half of that of the engine pistol 
arrangement the air and circulating pumps arc on 01 
those lor the feed and bilge 011 the other, of the crai 

The circulating water is forced direct through 
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while the steam is condensed around them, making thereby a 
simple and accessible arrangement. 

Mr. Davison also extended his powers of invention to the 
cleaning of the outsides of the tubes by a moveable perforated 
plate, which could be shifted forward and backward so as to 
aenapG them. We should have illustrated it, were it not evident 
to any engineer that the method becomes useless from the 
fact, that if the plate fitted properly it could not be moved 
readily; and if it did not fit the upper half of each tube only 
would be scraped. 




mps for Inverted Vertical Dincl-Acting Screw 



Tn the year JSG2 Mr. John Frederick Spencer, the well- 
known advocate of surface condensation, patented his arrange- 
ment as illustrated by Fig. 74, on the next page, which represents 
two inverted steam cylinders, resting od, and attached to a 
central surface condenser, and four wrought-iron columns, the 
columns and condenser also resting on, and being attached to 
the sole plate of the entire arrangement. 

The main piston rods are secured above to the main piston in 
the usual way, and below, as shown, to the cross head, which 
latter has in its centre the necessary gudgeons for the upper 
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combined pumps act as the air pump, and each air pump has its 
own set of inlet and delivery valves. The hot wells are on one 
side only of the crank shaft, and are contained in the two 
hollow cast-iron legs that support one end or side of the surface 
condenser, there being four of such legs forming the support 
and attachment to the sole plate. The air pump, on one side 
delivers the air and condensed water through the passage across 
the crank shaft into the hot well on the other side. The 
circulating water pumps are formed by the lower or bottom 
portion of the combined pumps, and there is only one set of 
valves to the two pumps attached to the same cross head, and 
these valves are in the respective legs of the surface condenser, 
occupying a similar position to the hot well in the other side. 
Two sets of these valves, with combined pump barrels and part 
of the sole plate, are shown in section with the delivery passage 
leading to the condenser tubes and inlet passage for the circulating 
water to pass through the tubes. 

The daring deeds and hair-breadth escapes of the S. S. "Ala- 
bama," N. A., are of course as vivid as ever in the political world, 
and to be connected with that ship honourably, in any way, 
claims popularity, Such becomes the firm of Messrs. Watt, 
who constructed the boilers and engines of the steam-yacht 
" Deerhound," that saved the captain of the " Alabama " when 
she sank, after her last naval war engagement. 

The pumps and water tank are illustrated in sectional elevation 
by Fig. 75, on the next page, and show a very convenient and 
duplicate arrangement: the pistons receive their motion from 
two levers, worked from the cross heads of the piston rods of the 
inverted vertical screw engines that drive the screw propeller. 

The condenser is of simple construction and arrangement, as 
illustrated by Fig. 76, on the next page. The easing is of copper, 
made cylindrical, with the steam surrounding the tubes, and the 
circulating water passing through three groups or sets of them, 
as shown by the arrows of indication. 

To understand the relation of the two preceding views, the 
illustration, Fig. 77, on page 79, is introduced, which represents 
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the plan of the condenser, pumps, and pipes, and shows tl 
position in the hull when in working order. 

Our last illustration in this chapter is represented hy Fig. 




which is an end sectional elevation of the air pur 
denser on the left hand, and on the right a 

sectional view of the condenser and valves, as fitl 
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Mr. E. Humphrys, in two Indian steamers, wliere lie faithfully 
carried out " Hall's " system, by arranging that the steam 
should pass direct through vertical tubes, and the circulating 





water pass around them ; which was caused in Una case by a 
centrifugal pump driven by a separate engine. 



CHAPTER IX 

SURFACE CONDENSERS FOR HORIZONTAL DIRECT-ACTING SCREW- 
PROPELLER ENGINES, PRACTICALLY CONSIDERED. 

With engines of this class, the engineer has free scope to 
exercise his talents for practical and effectual designing, because 
the cranked shaft, connecting and piston rods, and cylinders are 
situated opposite the condensers, or — as may be expressed — 
" away from them." 

The arrangement of the tubes can be either vertical, hori- 
zontal, or angular ; the first applies to circular condensers 
chiefly, and the two latter to square or rectangular shells; but 
in any case the allotted room in the hull will settle — to a great 
extent — -the position of the tubes. 

About ten years ago the marine-engine contractors for our 
Government were '' called upon " to fit surface condensers with 
their engines; and the lead was taken by Messrs. Penn for the 
direct-acting class. This is illustrated by Fig. 79 on the next 
page, in transverse sectional and complete views. 

The tubes arc horizontally arranged, above the pumps, the 
steam surrounding them within the compartment ; the pumps 
being near the centre of the arrangement. The suction valves 
are below the barrel, at the side, and those for the discharge are 
directly above. The passage for the circulating water is thus. 
On the water entering at the central back opening, it is forced 
— by the pump's piston — through the central end of the first 
tier of tubes, and on reaching the opposite extremity it rises 
and enters the top set ; the final discharge being through the 
upper opening at the back end of tiie structure. 
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The exhaust steam enters the compartment at the front end, 
and alter being condensed) falls to where the air pump suction 
valves are inverted. The discharge valves are also on the same 
level, the discharge chamber being at the side of the pumps. 

It will be noticed that only two pumps are shown in the 
illustration, although both circulating and air pumps are 
requisite for each condenser, This is effected by using one 
end of each pump for circulating, and that opposite for the 
discharge of the condensed steam. Each pump is therefore 
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single acting, for the separate duties, but double acting in 
arrangement. 

The pistons of the pumps are the ordinary disc kind, and the 
rods are connected directly to the trunk pistons of the engines. 
The condenser compartments are accessible, by the removal of 
the doors— suitably arranged ; while the tubes can be readily 
cleansed internally, or renewed when requisite. 

The relative position of the tubes with the line of keel is 
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pantllel witli the same — the access for clean 
U'ing, therefore, lore and aft of the condensers. 

Hut Messrs. Perm did not confine their idea 
to the example illustrated. In some instai 
a vortical position for the tubes. The cond 
drical, the tubes being concentrically arranged- 
centrally, for the admission of the exhaust st 
latter detail is perforated at the extremity by 
to ensure a ready distribution. The steam sur 
while the water flows through the same- 
being formed above and below the plates. 

The air pumps are double acting, i 
densers : the suction and discharge ' 
over the barrels. The circulation • 
centrifugal pumps and separate e 

This firm have also used the i 
on page 54, which has now become i 
best of its class yet in practice. 

A novel arrangement for the valve* ata 
transverse sectional elevation by Fig. 80, 
elevation by Fig. S 1 , on page Si. This was c< 
Pudgeon in the year 1>65. Tbeeirailati 
band side, and the air pump on the right 
tally situated above the pomp, in three el 
the water is f«i**,;t the tube*, and "' 
vertical valves — suction — admit the v. 
those for the ^-Ischiry*' — horizontal! 
into the_S~*f set of tubes. After th«- 
to li.i- other .-xTrwuiiv. is rises U> th*"* 
thrv^h ::.e -V,~j srt-tb* final di 
•\e- ,vr.-.ydr;r.>-:. it tie back end 
.': : .. ; .. l:*' the s-;cCv a^u isw&ar? - 
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died tswo pumps of each kind for the circulating 
BOttdflDSfld sti'iun, while the other firm used only 
pOXpQM, 

Wo may add that both firms carefully designed :\ 
valves to change the duty of the circulating pun 
oondftnMH were worked on the injection system. 
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tubes air chambers are formed, and thus the action of the pnmp 
is accelerated. The exhaust steam enters the tube compartment 
at the front end, above the tubes. 

The air pump valves are similarly situated as those for the 
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circulating pump. The action, therefore, being alike with each, 
the final discharge is effected at the back of the tube chamber, 

Messrs. "Watt doubtless led the way for Messrs. Dudgeon, by 
the arrangement shown by Fig. 82, on page 85, which is very 
similar to the one above, excepting that in this case Messrs. Watt 

G 2 
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suitably arranged, ami on the main or bugfl Soon 
small size are secured ; the removal of which being ft 
only. It is worthy of remark, that even by a reve 
for the pumps and the steam surrounding the tubes, 
incnt will be but little affected — at least the tubes « 
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illustnited; the circulating water entaa 
central compartment, and the condensed -st ■ 
through the central opening below, will: 

In the year 18(57, we were called upon 
twin screw engines, direct acting, with 
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cheapest and best arrangement then known. The arrangement 

we settled on is illustrated in plan, side elevation, and end eleva- 
tion, in sectional and complete views, by Figs, 84, 85, and 86', 
where it will be seen that the shell of the tube-chamber is a 
cylinder with a discharge channel and branch pipe at the top, 
and above that is the cover — "dish shaped" — with the steam 
and injection branches. At the base plate of the tube compart- 
ment, are the air and circulating pumps, valves, and chambers, 
all duplicate in arrangement and size : the suction valves' 
seatings in each case are vertically secured at the sides of the 




pumps, and those for the discharge horizontally placed above. 
The action of this arrangement is thus : The steam enters the 
branch at the top, and then passes direct through the tubes into 
the chamber below, and is then, by the air pump, pumped, in 
the form of hot water, into the feed-tank. The circulating 
pump gets its supply from a chamber, formed under the lower 
tube plate, which has an opening in the bottom connected by a 
pipe to the sea water "Kingston Valve;" this pump therefore 
forces the water into the lower part of the tube chamber and 
through the discharge opening at the top. and from thence out 
at tin- ship's side, by which circuit the chamber is always full 
and a continual change of water occurs. When injection is 
used alone, the use of the circulating pump is not required, the 
air pump being sufficiently large for the purpose. 
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We have lately carried out the same arrangement for mil 
face condensation, as illustrated by Fig. 87, on the next ] 
this case the tubes are arranged with a circular space in th 
in which, at the top, is a perforated exhaust steam pipe ; t 
rations distribute the steam equally amongst the tubes as 
to on page Si ; the pumps are duplicates in size, but 
sets of valves are arranged differently for their separate i 

The circulating pump on the right hand receives i 
through the top valve seating, the vertical valve permit 
discharge through the tubes ; the final opening in the t 
over the tubes being shown by dotted circles. 

The air pump receives the condensed steam by tin- - 
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suction pipe and passage below the lowei 
through the vertical valve seating, tin- di 
through the seating over the pump, and , 
tank, and from there by other pumps in 
When the injection system is adopted, 
disengaged and the air pump is in lull u 
is on the top of the exhaust steam pipe 
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CHAPTER X. 

SURFACE CONDENSERS FOR HORIZONTAL RETURN- ACTION 6CREW 
ENGINEB, PRACTICALLY CONSIDERED. 

With this class of engine the designing engineer has but little 
to choose from as to how lie can best accommodate his ideas 
according to the facts before him ; which are, that when the 
steam cylinders are to he so close together as possible, separate 
condensers beyond the outer piston rods are inevitable, with the 
tubes situated vertically or across the hull. 

If the condenser is to be over the inner piston rods, then 
the vertical situation for the tubes can be allowed ; but the steam 
cylinders must be proportionately separated apart. As to the 
latter case, the illustration, Fig. BS, is an example worthy of 
notice, as coustructed by the firm of Messrs. Kennie, the engines 
being 350 horse-power nominal. Here the tubes are shown as 
stated, the steam passing through them, and the water 
surrounding their outsides. The left-hand pump is the air 
puiup; and that half portion being in section, the applications 
of the details are apparent at once. The other pump is for the 
circulation of the water amongst the tubes, the water entering 
at the top and falling to the bottom of the compartment, and 
from thence discharged out at the ship's side. 

Another arrangement is shown by Fig. 89. This is by- 
Messrs. R. Napier and Sons. In this case the condenser is in 
the centre of the arrangement as before, but the tubes are 
horizontally secured across the engines above the inner piston 
rods : the steam surrounds the tubes and the water pauses 
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through them in three sets or groups, as in the example 
illustrated on page 83. 
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Messrs. Napier, as ourselves, it will be seen, prefer in some 
owes a duplicate size and arrangement for the pumps and valves ; 



and very neatly they have carried it out in this case, both ft 
action and access ; the valves being rectangular, with doo: 
suitably placed to inspect and remove them. 

When the condensers are used with the steam inside tr 
tubes, and the compartment separate for each engine, or f( 
one and half engine — as in the case of Maudslay's three cylindi 
engines — they are situated outside the outer steam piston 1 




with the circulating pumps ;md chambers lutw-eon the 
piston rods, as illustrated by Fig. 90, in transverse se<| 
elevation, and by Fig. 91, in longitudinal sectional elevaJ I 
The 'air pump is directly under the outer and lower J 
piston rod, and is worked by an "arm " secured on thcl 
the suction valves, which are situated farthest on the rigli 
are inverted to better drain the condenser: those foe | 
charge being directly :it tin- side above the pump. 
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The circulating pump and its chambers are entirely separate 
from the condenser, and thus are simply arranged. The centre 
of the barrel is directly in a line below the inner steam piston 
rod ; but the pump's piston receives its motion direct from the 
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steam piston instead of from an arm, as iu the other case. The 
suction and discharge valves are at the side, under and over the 
pump ; the discharge into the condenser being through the pipe 
connecting the two chambers. 
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When Messrs. Maudslay have used vertical tubes i 
inside condensation they have carefully arranged the pump 
before ; but then the suction valves have been altered a littli 
illustrated by Fig. 92 ; but, excepting that, it is neaxl 
duplicate of Fig. 90, on page 92. 

HflMH. Laird Brothers have had some practice in 
disunities attendant with the class of condensers under not 




and to overcome them prefer to adapt the arrangement, as ahi 
by Fig. 93, on the next page, in two sectional elevations. 

In this case it will be noticed that the condensing 1 
chamber is outside the piston rods — as in the two prece'' 
examples — and the air pump and valves very similarly arm- 
also ; but the piston is worked by the steam piston. 

The circulating pump's piston receives its motion from Eri 
secured on the inner piston rod, and the suction valve*' 
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between the two pumps, while the discharge valves are at the 
side over their respective barrel. 

The route of the circulating water from the inlet to the tubes 
is rather peculiar. It enters under the suction valves at the 
back of the arrangement, and after passing through the pump, 
and into the discharge chamber, it is, by a vertical pipe, at 
the back also, conveyed to the lower tier of tubes — as shown in 
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the longitudinal view. It then passes and n-passes through lour 
sets of tubes, and finally out at the top, and thence through the 
pipe to the discharge valve connected to the ship's side. 

Within the last six years we have had to design several 
return-action screw-engines with surface condensers, and the 
room in the hull allotted to us was very limited in nearly all 
the cases, but the most "pinching" of all happened in the year 
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both iii their position and mode of working, but we overcame 
that by connecting the circulating pump roil direct with the 
engine piston, and the air pump rod witli the outer piston rod 
by an arm for imparting their motions. 




We preferred to use plungers in both cases, and rectangular 
valves lor the air pumps, and metal valves packed with lignum* 
vitro for the circulating pumps. 

The passage of the circulating water was peculiarly arranged, 
with the view of effect as well as compactness, by the water 
entering at the back end directly under the suction valves, which 
are under the pump, and those for the discharge above. The 
water when on those latter valves passed from their chamber 
through a pipe connecting it with the condenser, an angular 
passage being formed therein to convey the water amongst the 
tubes. The position of this water entrance opening under the 
tubes is shown iu Fig. 94, on page 90, where is seen also that 
the water passed finally from the condenser through the discharge 
branch, at the top, at the back cud. The passage of the con- 
densed steam was direct through the tubes from the front to the 
back plate, and thence to the pump, as shown in that view 
also. When injection water was required, the plug valve at the 
top of the front cover, and its gear were used, and this was also 
applied slightly in conjunction with the surface condensation to 
keep up the lull supply of feed water. 

On page 40 there is illustrated an injection condenser and 
pumps for direct-acting inverted angular engines, and on this nest 
page is illustrated, by Fig. 96, a surface condenser for the same 
class of engines. The tubes arc angularly fitted for the condensed 
steam to drain through them, and the circulating water enters 
at the base of the compartment, and is discharged at the roof, at 
the opposite end. This example, although of a small size, is 
arranged to he suitable for any power ; the cylinders in all cases 
being secured on the top of the condenser, and the guides and 
shafts at the sides. The pumps, double acting, were worked by 
an engine horizontally secured on one frame, and thus separate 
from the condenser and screw engines. 

Another arrangement of a small condenser is shown by Fig. 97, 
the tubes being vertical, with the steam entering at the top, and 
passing through them to the bottom of the casing. The 
circulating water is forced amongst the tubes, by a centrifugal 
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pump, from the bottom to the top of their chamber, and the 
condensed steam is forced into the boiler by the feed pumps. 
This condenser lias been used with success in the Royal Navy 
in steam launches. 
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IN CONNECTION WITH PUSH'S. 

As the pump is useless without motive power to drive it, we 
illustrate, by Fig. 102, two elevations of two vertical direct- 
acting combined engines, as generally used now for that purpose. 
The slide valve is single ported, worked by a single eccentric and 

rod ; the remaining visible portions explain themselves, and their 
proportions are given in the table under these illustrations, 
together with those for the pump illustrated by Figs. 1 00 and 10J . 
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in the year 1864. 

Double-acting Piston and Plunger Pumps. — An illustra- 
tion of the first vertical double-acting air pump is shown on 
page 1 1 by Fig. 9, and although the first was a sound arrange- 
ment, taking into consideration that the valves were situated as 
new the ends of the barrel as their form admitted. Those were 
metal " clack " valves, it must be remembered ; but when 
vulcanized india-rubber was introduced, a different form and 
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arrangement of valves became possible, which led to the 
bettor method as illustrated by Fig. 108, on the preceding page 
where the valves arc directly over each other at the side of the 
pump, thus enabling the barrel to be the shortest length possible, 
proportionate to the stroke and depth of the piston. 

The "side" position i'or the valves is not the best, however, 
and the knowledge of that fact induced ourselves to invent and 
patent the arrangement as shown by Fig. 104, where it is 
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evident that a nearly perfect discharge occurs at each stroke of 
the piston, which is the proper attainment with all pumps, and 
which can only be carried out but by considering that the air 
in water always rises to the top when the fluid is compressed, 
and if the vapour does not escape first it remains in the pump 
to a considerable extent, Hence the need of an air vessel or its 
equivalent in bad arrangements; whereas in this one an air vessel 
is not required, because no air can remain in the pomp, it being 
discharged before the water at each stroke of the piston. 
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s for access to inspect and renew the valves are 
and under them, so that they can be easily removed 
eatings. It will be obvious also that the two top 
a for air, and the two lower for water workings, at 
ic if required, or vice versd, or the four valves can be 
ler purpose only. 

rizontal pumps are used, the arrangement depends a 
u the class and power of the engines, as we have 
e preceding chapters ; but yet while considering that, 
knowledged position for the valves must not be 
lat is, the suction valves must be inverted and those 
large reversed, on the same level over the pump. 
of an ordinary piston pump of that class is ilJus- 

Fto. 105. 
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trated by Fig. 105, in longitudinal sectional elevation, which 
shows the suction valves situated for the entire length of the 
casing, so that no space is lost lengthways, the discharge valves 
being on the same level. 

When the suction valves are required to be at the side of the 
pump, the illustration, Fig. 106, on the next page, represents 
the arrangement, which is the plunger type, but a piston could 
be used instead if desirable. This is a very effectual arrange- 
ment, and is now becoming general. 

It is evident that when the suction and discharge valves are 
ou the same level over the purup, they occupy a deal of space 
across the barrel, as seen in Chapter IV., and it sometimes occurs 
that that arrangement is not available, as for example, for the 
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surface condenser shown by Fig. S6, on page 8fl, it would not 
apply, anil a circumstance in connection witli it originated the 




* arrangement of valves shown by Fig. 107, where it h illustrated 
that the suction and discharge valves, although over the pump, 




are secured within a space less than the diameter of t 
and as the two sets of valves are over each other, on* 
each twin set U only required. 
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Treating next of tlie pistons of those pumps now under notice, 
we allude to the illustration, Fig. 108, which represents a section 
and plan of a metallic piston with spring and face rings for 




adjustment. The spring ring can be packed with india-rubber 
or any other suitable material : this is the present general practice 
by the leading marine engineers, when plungers are not 
preferred. 

Messrs Maiidslay, about ten years ago, introduced pistons for 
circulating pomps packed with lignuni-vitie, and we had occasion 
to use them also, as illustrated by Fig. 109, which is merely 
a metal grooved disc with blocks of the wood fitted in the 
groove. The only feature worthy of comment is the fitting of 
the blocks with each other, which is shown in the top view. 
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Flo. 109. 
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CHAPTER XII. 

CONNECTIONS OP PUMP VALVES POR MARINE ENGINES 
PRACirCALLT CONSIDERED. 

There is no detail of the condenser that lias received so much 
attention, and undergone such a variety of changes, as the 
valves of the pumps, and when marine engines were first intro- 
duced, metal flap valves were used, as shown by Fig. 3. on 
page 7. Those valves of course made a loud noise, and wore very 
soon in their connection and faces. 

As the various requirements became apparent, they were met 
fay suitable material in the form of india-rubber, which was 
introduced for pump valves about the year 1S50. 

Messrs. Penn were as early in the field to adopt it as any one, 
and they carried out the same mode of connection then as now, 
as illustrated by Fig. 110, on the next page, which shows that a 
seating plate of any suitable dimensions contains the requisite 
number of valves on it, and that one joint connection for the 
plate is only required. Each guard is secured by a stml and 
nut, and the guard surrounds the stud between the plate and 
the nut, while the valve encloses a portion of the guard. 

About the same date, 1850, Messrs Maudslay introduced 
their mode of connection, as illustrated by Fig. Ill, which is a 
separate seating for each valve, the guard being as Messrs. 
Peon's, but the seating secured by a cross-bar on the opposite 
side of the projection on which the seating is jointed, and one 
holt and nut completes the entire connection of the guard, valve, 
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and sealing. This has been used by the firm to the present 
time, and the practical advantages warrant its future con- 
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tinuance. Those advantages are 
equally applicable for inverted 
valves also, as illustrated by Fig. 
112. In this case the guard is a 
flat disc, with a projection on it 
sufficiently deep tor the valve to 
have a certain entire rise and fall 
in its action, or " play," to use a 
silly technical term, for really the 
valve is working when in motion 
instead of playing. 

Messrs. Watt adopted the seat- 
ing plate similar to Messrs. Penn, 
but they connected the guard dif- 
ferently, as illustrated by Fig. 113, 
preferring to use a stud with collars 
DO it, between which the valve 
was placed, and on the upper collar 
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the guard was fixed by a nut, the stud being screwed into tin* 
settling plate 




The same arrangement was used also by Messrs. Havenhill, 
a shown by Fig. 114, bat instead of collars the stud was 
1 in diameter between the guard and the seating plate. 
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About twelve years ago we introduced the arrangement which 

Fig. IJ5 illustrates, which is far more economical than the 
previous examples, because it consists of a single valve seating 
with four, three, or two stud securing projections, according to 
the size of the valve. A bolt and nut secure the guard and valve, 
and thus the connection is very simple to manufacture. As this 
is shown in section and plan, it can be easily understood without 
further comment. 

Messrs. Humphry s generally prefer rectangular india-mbber 






valws fitted with the guards and seatings, as illustrated by 
Fig. 11G in two sectional views. The seating is secured by one 
central bolt and nut, and the guard by two studs and nuts : in a 
similar manner the inverted valves are Fio, in. 

arranged as shown by Fig. 117, the 
seating being under the joint flange 
instead of over it as in the other 
example. 

We have often used valves of rec- 
tangular shape also, and then secured 
slips of gun-metal on the valve which 
prevented its splitting at the outer side edges : the seating was 
also made in one plate for two valves, as illustrated by Fig. U8, 
and when for inverted valves, as illustrated by Fig. 119, so that 
it will be seen, that in both cases the valves and guards are 
secured precisely alike, and that the same seating, with a very 
little pattern alteration, suits both positions for the valves. 

Mi'. Spencer has used rectangular metal valvs as illustrated 
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by Fig. 120, packed with india-rubber, with the eeaiiag peculiarly 
fitted in a groove which encloses the back and sides of it, whili* 
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the door makes the front joint. The guard consists of a pr 

on each valve, and when they both rise to a certain extent tli 
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projections clash, and thus the rise or lift is limited ; hy which 
means a similar valve and seating are applicable for the air and 
circulating pumps, and alterations of the projections on the 
valves can be made to suit the " lift " as required. 
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We have already alluded to Messrs. Watt's arrangement of 
valve* as shown on page 23, but we think it better to illustrate 
it again by Fig. 121, as a contrast with the flat seatings just 




described, the difference being in the sizes of the seating flange 
connections for the same number of valves. 

Mr. Spencer's method of arranging suction and discharge 
valves as a combination is shown. by Fig. 122, which illustrate! 
that the top seating, for the discharge, iflMCUred by foor studs, and 

[ 2 



ISATJON OF STEAM 

the guard stud secures all the remainder of the details, by the 

simple means that the stud fits into the lower seating as a set 

to. ijl!. cone, and from that point is 

^^- -^v turned plain to fit the valve and 

fOjl s" "~~~]| — -, COIl g uar( *> above which it is screwed 
to the top end, which is square Gm 
a short length to fit the securing 
spanner. The lower guard is 
plain on the stud and "held" 
by a nut; the top seating and 
guard are screwed, so that when 
the top seating is fixed, the lower 
| one can be secured by the stud 
-that valve and guard being 
previously secured by their nut 
—and then the top guard and 
valve are made secure. 

The use of canvas and leather 
as a substitute for india-nililvr 
for valves lias of course often 
been used, but with no moOBH 
except in their noiseless action j 
but the same effect can be ob- 
tained with all the remaining 
j requirements best by the use of 
• metal valves cm-losing wood, 
lignum-vitu! being the most endur- 
able, and the mode of applying it practically is illustrated by 
Fig. 123, on the next page, which shows that a disc of metal 
enclosing a ring of wood acts on a metal seating, which is 
secured by a stud on which the valve works, and the nut above 
acts as a stop and spanner head. 
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Fig. 123. 





Burgh's Circular Metal Valves, packet with LjgnjguViliiV 
for Pumps of Marine Engines, aj used since the year 1866. 
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CHAPTER XIII. 

SSUTLKMENTARY DETAILS FOR THE CONDENSERS OP MAItlM; 
ENGINES PRACTICALLY CONSIDERED. 

Injection Valves. — Those valves admit and stop the How of 
the water into the condenser for the condensation of the Bfeam, 
aud the example illustrated by Fij;. 124 is the urdinary kind 
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with its casing;, seating, and connections j the valve is merely a 
flat plate working in a groove on each side of the seating, which 
with the casing is secured to the side of the condenser. The 
closing of the valve properly is attained by the seating-face 
being inclined so that the valve tightens as it descends, and 
"when down" the joint is perfect. 

In some instances the valve is hung at its centre with a cross 
pin and bosses, by which connection the valve is moi'e readily 
released from being closed than by the former means. An 
example of this is shown by Fig. 125, where it is seen that the 
valve is the " gridiron " type fitting on a seating to correspond ; 




and besides the advantage of the connection, there is the 
reduction of the travel of the valve to open and close the ports, 
for the admission or not of the water, in much less time than by 
the former method described; for it is obvious that if the area 
of the requisite passage is divided into ports or narrow openings, 
and as the width of one port plus the outside lap of the valve 
must be the half travel in any case of width of port, then the 
motion for the valve will be proportionately reduced by the 
divisions, as illustrated above. 

There is another appendage to the condenser of the marine 
engine that is very important, and although practically so, does 
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not generally reserve Che merit it deserves. We allude to the 
"bilge" injection valve, which become* ;it times, wlien the 
bilgfl pumps are out of order, the lust recourse to "empty the 
bUgtt," and that when a leakage or " shipping was " occurs, must 
be done in proportion to the supply to keep matters in proper 
order. We know many cases where this valve has been omitted, 
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1 ml in others where it has been too small, or, in fact, a valve pat 
00 because "'it is generally dime," and for that reason only. 

The universal class of valve for the purpose is illustrated bi 
Kg. L26, which is a common marine " phig-valve," packed at 
the top and solid at the bottom to prevent leakage if a 
This is not the best valve, however, that can be used, because it 
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is liable to " stick " or become " set," while by using a disc 
valve, a more clear open communication to the bilge can be 
better effected at any moment. 

Spray-pipes.— These pipes are for the proper distribution of 
the water that condenses the steam, and various shapes have 
been used, as shown on pages 13, 14, 15, 16, 18,23, 26, 28, 80, 
45, and 65, for land and marine engines ; hut we now direct 
attention to two popular shapes as used in the present day by 
two leading marine firms; the illustration, Fig. 127, being by 
Messrs. Peon, and Fig. 128 by Messrs. Maudslay, which 
consist in the first case of a perforated pipe with the supply 





branch at the centre of its length, the perforation being on the 
upper side only ; and in the second case two pipes of unequal 
diameters, the larger pipe being divided midway, longitudinally 
by a plate, with the portion below it perforated, and beyond 
this is the smaller pipe perforated in "streaks" around for its 
entire length. These two examples accomplish the same require- 
ment ; thus Messrs. Penn by the central position for the supply 
branch, and Messrs. Maudslay by the two diameters for the 
pipes. 

Snifting-valves- — These valves are so termed because they are 
said to " sniff" when in use, that being to allow the condenser to 
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be " Mown through " by the steam without a return ot" air ; so 
tiuA wlii-n the steam opens the valve it is said to "sniS'," and 
when the pressure in the condenser is less than the pressure on 
the valve it closes, and in some instances the valve is loaded 
Other by a weight or spring to ensure that operation. 

A very general example is illustrated by Fig. 129, the valve 
befog the disc kind, guided below anil fitted with a lifting rod 




and handle above ; the seating is situated sufficiently below the 
discbarge opening to ensure an accumulation of water on the 
valve while it is closed, and thus prevent any air leakage, tine 
water acting as a weight also. 

It ia verv obvious that with this arrangement of casing there 
will always be water in the branch-pipe under the valve, and to 
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prevent that and ensure a perfect " blow out " of the condenser, 
we introduced the casing and valve gear as shown by Fig. 130, 
which is a spring to actuate the valve, and a screw spindle and 
handle to release and guide it when opened or closed ; the 
spindle also closes the valve independently of the spring, which 




latter is sufficiently strong only to prevent the valve from 
sticking on the guide. 

Plug valves have been used as snifting valves also, as illus- 
trated by Fig 131, wliich is a sectional elevation of an ordinary 
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plug and casing, fitted with a branch piece, in which is a 
podbntted seating, india-rubber valve, and guard, as used for 
air pumps. We may add that the closing of the valve depends 
chiefly on the atmospheric pressure under it. 

Water Discharge Valvks. — These valves are secured as 
near the " shell " or " skin " of the hull as practicable, and when 
open permit the requisite water from the condensers to pan 
through their casings into the sea or river, and when closed 
prevent that, and also the influx of the water outside the hull 
into the air pumps. 

Now those two functions may seem so very simple, to many 
engineers even, that there can be but little to consider as to the 
best mechanical arrangement for the pur- 
poses. It will appear, however, — as we 
shall directly show — that there are divided 
.opinions now 'as to the best means. As 
for example, the illustration, Fig. 132, is a 
sectional elevation and plan of an ordinary 
arrangement of valve and casing; the valve 
being a disc of gun-metal with a spindle-guide 
and a handle-rod above, to raise and lower 
it by blocks and tackle attached to a hook 
secured to the deck or coal-hunker plate. 
The casing is of gun metal also, with a 
MOOTed cover above the valve and a 
stuffing-box branch below it ; a bilge-branch 
is also cast with the casing, to which is 
attached a smaller but similar casing and 
■In m.4 valve. 

Instead of the side position lor this 
branch, it is sometimes at the front of the 
main casing, as illustrated by Fig. 133 : the connection of the 
handle-rod with the valve is different also, because in this oa|fl a 
collar anil socket is preferred in the place of a screw and boss. 

A third example, as shown by Pig. 134, on page 12C, is next 
worthy of notice, in particular for the gear introduced to caiae 
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and lower the valve, which, unlike the previous examples, forms 
a portion of the arrangement ; this is a rack and pinion, with 
a stop-key to keep the valve opened or closed as required ; the 
spindle is connected to the valve hy a cross pin, and the casing has 
a bilge branch as in the other arrangements. The valve is raised 
and lowered by turning the pinion-handle, and thus is sell-acting, 




when the stop-key is not in use ; the key being more applicable 
for keeping the valve up than for preventing its rising. 

The earlier stop-valves of this class had screwed rods and 
guides to raise and lower them, or as an ordiuary steam stop- 
valve ; but after the event of an accident or two, such as bursting 
tlie pipe, splitting the pump barrel, and bending the piston rod, 
they were considered dangerous, and (be self-acting valves, as 
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i, were introduced. Within the last few rears the 
screwed rod has been again adopted, bat with a dJftreni form of 
vahre, m now illustrated by Fig. 135 : the is the gridiron type of 
valve and seating, and answers well for brae condensers, because 
the travel of the valve to open and close is so very short propor- 
tionately. Those operations can be done in a moment, while the 
valve also is not liable to " stick " at any point of position. 

KlXGtrov Valves. — These valves admit the water at 
it, from the sea, to the condenser, and as any fracture of the casing 
or sticking of the valve would render those operations doubtful, a 




peculiar shape of valve and casing obviating doubt was intro- 
duced by a Mr.'Kingston about twenty-one years ago, which is 
used at the present time also, and likely to continue in use. 

A section of the valve and easing is shown by Fig. 136; the 
valve is eone-shnped with the spindle screwed into it, and pass- 
ing lliroiigh a stuffing box and gland at the top of the casing 
surmounted by a cross-handle ; the valve is shown closed and 
Looked ; bus lock being shown in detail at the side of the casing. 



its application can be readily understood. Below the valve is 
secured a grating to lugs cast in the casing with guides for the 
valve; a sectional plan of this portion is shown also. 

The modern arrangement of these valves and their details is 
represented by Fig. 137, on the next page, which shows that the 
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grating is attached with the casing direct to the ship's side ; the 
valve and spindle arc cast together, the top part of the rod being 
screwed and surmounted with a hand-wheel, below which is a lock- 
wheel supported in a bracket secured on the casing ; this wheel 
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and the smaller one are used to open or close the valve, and the 
larger wheel locks it, while the nut and the boss locks the spindle 
and wheel together in any position. 

tv,. , 37 . Motion - gxah kor Vertical 

Pi'Mi-s. — This gear is chiefly used 
for the air pumps of oscillating en- 
gines, of which several examples 
;u«' shown in Chapter III. 

When two air pumps are used, 
they are either directly opposite 
each other in plan, as in Fig. 21, 
page 23, or the centres are apart 
equal to the width of the connect- 
ing rod hearing, plus the clearance. 
The arrangement illustrated by 
Fig. 138 requires only one con- 
nection with the crank pin. One 
rod is keyed into the lower portion 
gT T i ff Y jpEBt-i "f t' ,,? brass, and the other is hung 
f 0r ibr «i- on a pin i.n the opposite side. The 
keyed rod always forms a direct line 
ma. f rom jjj fl centre of the crank pin, but 
the opposite rod a broken line at the point of suspension at 
certain portions of the stroke. The cap is made of wrought 
iron, and the lower portion of gun metal. The firms most 
partial to this mode of connection are Messrs. MamUlay, Sons, 
und Field, and Messrs. James Watt and Co. 

Other firms prefer to make the entire portion of wrought 
iron, with gun-metal lining, to reduce the friction and wear with 
the erank pin. The trunk end of the connecting rod is secured 
by a single eye fur the rod, and a double eye bolt in the 'runk. 
The bolt is attached to the piston by a nut recessed in the body, 
by which means a separate provision for clearance is not req u ired 
in the lower valve plate. The brass in th« eye is in tli ■ 
half only, as the labour of the pump is greatest when ascending. 
The adjustment of the pin and brass is often attained by a cotter, 
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on the upper side of the eye ; but in many instances tliis is 
omitted, as the friction is proportionately slight to that on the 
crank pin. The rod is in two portions, connected, about 
centrally of its length, by a socket and key, this being for the 
purpose of erecting with facility, and portability as spare gear. 
He dimensions in the table are common with those given on 
page 23. 

The illustration, Fig. 139, on the nest page, is the crank end of 
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the connecting rod, belonging to the air pump, shown by Fig. 20 
on page 21. In that example the centres of the air pumps are 
2 ] Laches on each side of the centre of the condenser, thus making 
a difference of -l^ inches for the port and starboard positions. 

The form of the head in the present example is a more 
general shape than that of Fig. 138. This is to be accounted for 
from the fact, that independent connection admits of a similar 
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means of disconnection, which, with large engines, is no mean 
advantage. 

The example under notice is shown in sectional and complete 
views. The cap is of wrought iron, increased in thickness at 
the centre, to resist the direct line of strain incurred during 
each stroke of the pump. The brasses are in two portions, the 
line of division being shown in the complete side of the 
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elevation. Each brass is hollow, to reduce the material, while 
at the same time the requisite strength is preserved. The "J" 
head of the rod is shaped as the cap, and both are connected 
to the brasses by the bolts, of ordinary description. Each nut 
is recessed in the cap, and set and stop pins prevent looseness 
possible. 
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The dimensions under this illustration are connected with 
those given on page 21. 

In some instances it is preferred to make the head of two 
solid portions, with thin circular or octagon brasses. An 
example of this kind has been designed by the author for the 
air pump of a pair of engines of 150 nominal horse power 
collectively, alluded to by Fig, 23 on page 2fi. The diameter 
of the crank pin is 9^ inches, the cap holt 2^ inches, and the 
length of connecting rod, between centres, 5 feet 6 inches. 
Each nut is recessed in the upper portion of the head, and set 
screws £ inch diameter prevent looseness. The brasses are 
\ inch thick at the line ol strain, and £ at the sides ; the flanges 
being £ inch in thickness, and length of bearing G inches. 
The cap or top portion is 2\ inches thick, and that formed 
with the rod the same, at the angles with the brass. 

The next means of imparting motion to the air pump piston is 
by eccentrics, which are now general. The firm most partial to 
this mode of action is Messrs. James Watt and Co., who have 
lately fitted no less than five vessels with diagonal oscillating 
engines and eccentric motion for the air pumps. Messrs. Raven- 
hill and Laird also have constructed engines of similar type, and 
other firms in England and Scotland often adopt the same 
arrangements. In feet, so universal is the system, even for 
engines of moderate power, that the new saloon steamers on 
the Thames are fitted accordingly. 

The motion under notice has the advantage that one or two 
eccentrics can be arranged to work the same pump. Now, with 
two eccentrics, the strain on the intermediate shaft is transmitted 
close to the bearings, a matter of great consideration with large 
engines, when the distance between the centres of the entabla- 
tures is considerable. One fact, of course, in connection with 
the duplicate motion, is that a crosshead is requisite, or additional 
detail, but the shaft can be of less diameter than when the 
crank or single motion is adopted. Other facts also are apparent, 
such as the reduction of the labour and material for the shaft; 
and when the piston rods of the cylinders are connected on the 
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MOM BOtaik pin, the single or twin eccentric motion is adapted 
t.i work the air pumps in the wings of the engine room. 

This illustration, Fig. MO, is au example of twin eccentric 
motion. The trunk and piston arc of the ordinary kind, also 
Phi. 140. 
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The eccentrics are shown i 
tl< , l.\ iii.in, to rendu (heir form obvious, 

Kiir u air pump 8 feet in diameter, and a stroke of 15 inches, 
the .linii'usions. urnler the iUustniion Hie ID pniduv by Messrs. 

EUvwnhill, tiit-'il in i merchant ship. 
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CHAPTER XIV. 

ARRANGEMENTS OF PUMP-YALVEB FOR LAND ENGINES 
PRACTICALLY CONSIDERED. 

It will be remembered that on page 117 we illustrated a guide 
rod metal valve packed with wood, of a circular form, as applied 
for pumps of marine engines ; and now, by Fig. 141, we illustrate 
another method for a hinged rectangular shape that has been 
applied with land engines. The main feature in this case is, that 




the frame of the valve is recessed to receive an angular 
edged plate of lesser dimensions in length and width, and 
the space between them is tilled with wood, cut across the 
grain to fit therein, the frame and plate being connected by 
bolts ami nuts. This being shown in section and Complete 
elevation, it can be easily understood, and thus enables us to 
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refer to the next example, shown by Pig. 142, which is a double 
stop surface circular metal valve and seating: the reason tor 
there being two stop surfaces is, to reduce the shock or blow of the 
valve when closing the apertures for the discbarge of the water 
through the seating. The valve is guided on a bolt secured in 
the seating by a nut, and the seating is fixed by a set stud acting 




on the top end of the bolt, and is screwed through a cross- 
piece cast with the valve-chamber. 

Our next illustration is of a far more simple character, as 
shown by Fig. 143, which represents a flanged tube of india- 
rubber flattened at the top, thus forming "lips," that open to 
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permit the discharge of the water and close to prevent it, their 
position when open being shown by dotted lines. 

Referring next to valves and seatings of more general use, 
the example shown by Fig. 144 is noticed, which is a section 
and half plan of our usual method of design and connection for 





ia-i libber DWlmige Valve, .Metal Gum J, and 
Suiting, for Aii I'umns of Land Hiigiiifs, as u.scd nincc 
the year 18ii2. 

valves, guards, and seatings for air pumps of beam engines. The 
stuffing box and gland shown in the centre is for the piston rod to 
work through when used as a discharge valve, but when applied 
• suction the guard is secured by a single stud centrally fixed 



For pistons of air pumps which have tin- mating formed in 

them, and the valve and guard attached, the arrangement shown 

by Fig. 145 is a good example : we arranged this in the year 

RH.ua, 18153, and one of the features worthy 

of comment is the packing, which is 

a metallic ring, that is adjusted J.y a 

guket or india-rubber behind it, 

actuated by a ring aud set studs. 

The securing of the guard was novel 

than also, being by studs to the 

piston rod. We may add in passing 

that this and the preceding figure 

are in conjunction with Fig. 11 on 

page 14. 

It sometimes occurs that the cor- 
rect positions for the valves must 
be sacrificed to immediate, and, therefore, separate accessibility ; 
which when occurring, the arrangement shown by Kg, 14fi 
lias been used by a well known firm. The suction and 
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discharge valves are at the sides of the barrel, and the piston 
lias fl valve on it arranged very like Fig. 145, the other valves 
being similar as introduced by Messrs. Maudslay and illustrated 
on page 110. 

The condenser in connection with this pump is illustrated in 
sectional elevation and plan by Fig. 147: it is a plain cylinder 
fitted with tubes and branches ; the steam enters the shell inlet, 
and passes as condensed water through the outlet below, while 
the water passes up through the tubes. 
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OHAPTEE XV. 



nil LPPARATUB FOB Till-: CONDENSATION OF STKAM WITHOUT 
AIM I'L'HPB. 

Wati-hfaix Conih-:nsers. — About twenty-seven times as mucli 
w;i!it || I'itiI is required to keep down the temperature of the 
ordinary condenser to 100 dog. or thereabouts, and thus main- 
tain a vacuum short of the atmospheric pressure by 2£ lbs. to 
B II' . per square inch. Halt" a cubic foot of water evaporated 
DM hour will in a moderately good engine give one indicated 
horse-power, iind as I lb. of coals in a lair boiler will evaporate 
7 lbs. of water, this corresponds to a consumption of IVnl per 
bo»e-pO«er per hour of 4'571 lbs. Properly to condense the 
wash* sixain from such an engine, 13*5 cubic feet of water will 
be required per hour for each indicated horse power. Under 
.vrtaiii circumstances it would be possible to construct a reser- 
voir, lank, or condenser strong en<mg]i to ivsist an atmospheric 

pressure of 1 1 lbs. or i'l lbs. per square inch, and large enough to 

contain the products of condensation for half an hour. Thus in 
the case of an engine working up to 100 horse power, some 
I:1M) cubic feet of water would be required per hour, or 675 ft, 
in ball' an bour, which would bo contained and something to 
spare in a cylinder '.I ft. in. iti diameter and 10 ft. high. If such 
a ratio] wen- applied to au engine in lieu "of an ordinary 
.ou.l. ii • r, the steam might be condensed within it, and if no 
air entered a perfect iy good vacuum might be maintained with- 
out an\ air pump whatever. When the vessel was nearly tilled 
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the injection might be shut off, a large valve opened at the 
bottom, and the entire contents blown out by the pressure of the 
exhaust steam and the gravity of the water. This operation, 
under proper arrangements, would not occupy more than a 
minute. On closing the lower valve and readmitting the 
injection the vacuum would be restored, and the engine would 
proceed as before, and the operation of blowing out might be 
effected automatically by a simple float arrangement. Un- 
fortunately such a plan would not work well in practice, because 
of the air which would accumulate in the condensing chamber 
and spoil the vacuum. We mention the arrangement here only 
because it illustrates a principle. 

If now, instead of sufiering the condenser to work for half an 
hour at a time without blowing through, we suppose its 
contents — in so far as they consist of air and water — to be 
expelled at much shorter intervals, say of half a minute, the 
entrance of air would be productive of little inconvenience. 
But then during a few seconds in each half minute the engine 
must work without the aid of a vacuum. Thus we can suppose 
the engine to work for twenty strokes with, and for five strokes 
without, a vacuum ; and such an arrangement would undoubtedly 
be admissible in practice, and might be used to advantage under 
peculiar circumstances. But there are far better arrangements 
by which a similar end may be attained. By employing an air 
pump the action of the condenser is rendered nearly continuous 
instead of intermittent; but there is no power gained thereby. 
It may be demonstrated that the power expended in working 
the air pump continuously is greater than that which would be 
wasted during the interval occupied in blowing out the con- 
densing tank we have described. 

Carrying our illustration a step further, we may suppose that 
the condensing tank is blown out at eacli stroke. With each 
reduction in the length of the intervals elapsing between each 
operation of this kind, it is obvious that the dimensions of the 
tank may be reduced. Thus if the tank be blown out every 
ten minutes, it may be reduced to one-third the size required 
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when blowing nut takes place every half-hour ; and if the 
operation ht_- effected at each stroke of the engine, a very small 
space indeed will answer, as is seen when the air pump is 
employed, the action of which is, in effect, to blow out the 
condenser once at each double stroke of the steam piston. II 
the blowing out be effected by shutting off the injection at each 
stroke, and permitting the steam to expel the contents of the 
cniiilriisi']', then it may be urged that no vacuum can be 
obtained, but this is an error. The action will then he divided 
into two portions. The waste steam first expels the contents of 
the condenser, and is then itself condensed, leaving a vacuum. 
As a result, the first portion of each stroke will be performed 




[n-. Alban'j Single- Action Knginr mid Mi Pump, invented by 

i. r,, .,. th» vt.ir 1896, 

without, and the hitter portion with, the aid of a vacuum ; and 
it may In- shown, that although the action is thus far intermit- 
u-nt. no more power is wasted than by the air pump. 

SHOD an intermittent condenser u we have last mentioned 
has actually been used iu practice, and with very good ramifta. 
It was first, so far as we are aware, proposed and used bv 
Dr. finest Attn, of Plan in Mecklenburgh, as far back as 
1836, as illustrated by Fig. 14S, which shows a little pumping 
onyiue to which it was fitted. l>r. Alban thus describes the 
engine — " The eugruvings represent an engine erect.il 
for lifting water at lVbberan Turf Meor. In this I h . ■ 
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;i pump beam, though it is by no means absolutely necessary. 
The engine cylinder is constructed for single action, Li'., working 
by the descent of the piston only. The valve is a slide, and the 
beam has on the ends two arcs, to which the piston and pump- 
rods are hang by strong straps which, as the engine is small, 
answer very well ; the framing ami the pump, which is of 
copper, furnished with a cistern and run-off trough ; the pump- 
rod, the counter- weight, the condenser, and the feed-pump, are 
all shown, as also is a catch-rod, to prevent the engine making 
too long a stroke either way. The lower end of the cylinder is 
always open to the condenser, by the side pipe. The steam is 
cut off at half stroke. At the end of the stroke the steam 
blows into the condenser, and a vacuum is quickly formed above 




as well as below the piston. The counter weight then acts, and 
the piston goes out, at the end of which the valve is reversed by 
the plug-rod, and the return stroke repeated as before. 

The illustration, Fig. 14!), shows the eduction pipe, the con- 
denser, a pipe of sheet copper, the same diameter as the eduction 
pipe, and about twice the length of the stroke of the engine. 
It lies in a cistern supplied with water from a pipe, a strainer 
is fixed to prevent any particles of dirt getting into the part 
of the cistern from which the water is drawn, and there is an 
overflow by which the waste runs off', also there is an emptying 
cock. The condenser is laid on an incline; the lower end 
projects out of the cistern into a box, and is furnished with a 
flanging flap-valve opening outwards ; a small pipe is fitted, in 
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which ik fixed the Injection cock, turned by the key, The pipe 

|i bent In the Interior of the condenser, and has a mouthpiece 
H ihftped as to spread the jet of water. The action of this 
OOndeniet is as follows: — At the moment the eduction passage 
1 1 opened to die cylinder, the strain having a pressure oonsider- 
■a\-\\ above thai of the atmosphere, roshee through tie pipps, 

■topi the injection, and blows the water and air collected in the 
Ooudeiuer Otll at the valve into the vessel. This, however, is 
the work of a moment; the valve immediately falls, the jet of 
water again enters, and the steam is condensed. The air and 
vapour pass away by the pipe— aud the water by the pipe. It 
is tii be NgTetted that Or. Alhan did not measure the vacuum 
obtained by this condenser. Hut he proves the efficiency of the 
apparatus by stating thai either of the engines to which it was 
applied could be stopped when Working with full steam by simply 

dosing the Injection ooek, 

We have in this arrangement I true intermittent condenser, 
and our readers will not be slow to perceive that the waste 
steam takes the place of the air pump piston very efficiently. 
At the commencement of eaeli stroke the steam exhausts into a 
vacuum, whloh is quickly destroyed and then restored again. 
fowet is of Dtrame wasted, because a portion of each stroke is 
performed against atmospheric pressure. But it must not be 
forgotten thai the Oldinarj air pump works also against 
atmospheric preasore, and imnneqiwnllj consumes power; and it 
might lv jiossible so ho oanatrwcit an Alban condenser that even 
in pructice its results would Dot be greatly interior to the 
ordinary condenser. It is obvious that the great end to bo 
eWBghl !■ 'I"' rapid oolldeusatiou of the steam and the restoration 
of the vacuum. But in the Alban condenser the flow of 
injection water cannot he re-established until the | 
within the condenser fells to something beh-« that of the 
external atmosphere, and this can only be attained by the 
condensation of the steam within tlie waste-pipe or condenser 
tWtwCtiea of lwat through tbe metal. To make the 
apparatus awn jvrtwt.the condensing water should enter under 
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such a head that only at the first instant of exhaust would the 
injection be stopped ; and by this means the no-vacuum period 
might be so far reduced that the Alban condenser would be 
made highly efficient. 

We now refer to a condenser differing in many respects from 
any we have yet alluded to, and apparently capable of giving a 
first-class vacuum with as much steadiness as though an air 
pump were used. In all the condensers we have mentioned 
both air and water are required to be expelled by the exhaust 
steam. In that the principle of which we are now going to 
describe only the air is so expelled ; and if no air found its way 




in, either with the injection or from the boiler or engine, it 
would be perfectly continuous in its action. 

In the illustration, Fig. 150, there is shown the waste steam- 
pipe from an engine prolonged to a height of 34 ft, turned 
vertically downwards, and immersed at its lower end in a tank 
containing water. It is evident that by merely throwing a jet 
of water into the pipe we might have a most efficient condenser. 
The water would perhaps stand at some 2S ft. high in the pipe 
above the level of the liquid in the tank, and as the injection 
and waste steam water accumulated, it would tend to increase 



the height of the column, which, not being balanced beyond a 
certain point, would gradually sink down, and so the prodncte 
of condensation, as we may call them, would gradually pass 
away into the lower tank. For each inch added at the top of 
the column in the stand-pipe, an inch would escape at the 
bottom. The column would, in short, act the part of an admir- 
able pump in all respects but one. It would not withdraw the 
air, which would gradually accumulate until the pipe tilled and 
the vacuum ceased to have any existence. Then the waste 
would blow through and expel theair. Under certain conditions 
the steam would next be condensed, and the vacuum be restored ; 
but for much of its time the engine would work against back 
,,■,„_ 1M pressure. By the aid of a small pump, 
however, the air alone may be with- 
drawn, and with this addition the 
T" ""] r " gravity condenser becomes very effi- 

nJLFUy« cie,,t - 

But a lull of 34 ft. is essential to 
such a condenser, as with a less fall, 
water might regurgitate into the cy- 
linder, and this fall can be had in very 
few cases. It is not easy to provide 
a tank 34 ft. below an engine and a 
.... „ " ' , „. good discharge for the waste water 

I>t:ipi-:i:ii-i o! \ :iii-.-s, V-f\it, .ln-t Wiltpr- *> ° 

fiiiLt'ondniwr, im>i»«d in the year a t the same time. To pump the 
waste up would be poor economy, 
so this form of condenser is seldom or never used. If,-now- v 
ever, instead of placing the tank below the level of the eilgSfie, 
we put it on the same floor, and carry the steam up to A hi ■iv.f't 
of 34 ft. above the tank, we shall attain the same eud. 

A diagram of the well-known syphon fountain is shown oj*. 
the right hand of Fig. 151. From the bottom of a cylindrical 
glass vessel proceed two tubular legs, one much longer than the .. 
other, the shorter ends within the glass in an adjutage or jet. 
On immersing the shorter leg in a vessel of water, and partially 
exhausting the air from the apparatus, the water will spout up 




into the glass as shown, and flow away by the longer leg, in 
which a column of water will stand determined in height by the 
degree of exhaustion within the glass. If, now, steam were 
admitted through the top of the glass at the top pipe, it would 
be condensed continuously by the jet ; and if the long leg were 
34 ft. long, and the orifice of the short leg so contracted that 
water could not get in fast enough to partially fill the upper 
vessel or condenser, and so spoil the jet, we should have a 
perfect condenser. And it is obvious that the situation of this 
condenser in relation to the engine, would be of little moment, 
as the waste steam pipe might be led in any direction and to any 
height. 

We have yet to explain how the air is to be got rid of and 
the water, which results from the condensation which must take 
place in the rising steam pipe, to be expelled from the apparatus. 
The top of the syphon, however, would really terminate in a box 
fitted with two valves, so arranged that before one was opened 
the other must be closed, as roughly illustrated in Fig. 151. 
In the rising pipe little or no air will accumulate, as the 
constant current of steam will carry it forward into the top of 
the descending main. The space allowed above the standing 
column of water should not be too great. In the absence of the 
box the air could only be expelled by shutting off the injection 
and suffering steam to accumulate till the water was driven 
out of the down pipe, and the condenser well blown through. 
Unless the injection tank stood high the injection would not 
r again until condensation took place and a partial vacuum 
was restored ; but to do this the engine must be stopped or the 
waste steam turned out of the apparatus, and even then it would 
be a work of some little time. By the use of the expedient 
shown this objection — an objection great enough to condemn 
the whole principle — is got rid of. "When air accumulates tlie 
valves are to be drawn down. The injection will still Bow, and 
the column of water in the stand-pipe remain unaffected in 
height, because the lower valve effectually prevents the entrance 
t air. The waste steam will then escape through the upper 
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orifice instead of being condensed, carrying with it much of the 
»ir. After a eonpk of strokes of the engine the vjv* is 
restored to it* normal position, as in the central figure, and con- 
densation proceeds as before, without a moment's loss of time. 
All tin? air cannot be thus removed, but a little reflection 
will «tiow that its quantity can thns be kept within limits 
if of materially affecting the vacuum. The action of the 
nlvM Cat) l* rendered automatic by many devices which Kill 
re! to our readers ; and we need hardly point 





oof tliat tlio amngemeBt of this air-trap, as we may 1 
■.■ 
The wi tw of condensation may be collected in a ball or trap, 
and tinoot expelled at the moment the air-trap is in action, or 
it may he gat rid of by a modification of the ordinary steam- 

A l erv simple arrangement of waterfall condenser and piping 
tj illustrated by Fig. 1.12, that has been nsed in sugar refineries 




during the last twenty years, but has been patented by a 
Messrs. Shirt and Briggs, of Taraworth, for the condensation of 
the steam of high pressure steam engines, no. IBS. 

for which an air-tight tank is connected to 
the exhaust pipe of the engine ; and above 
the point where the exhaust pipe is jointed 
to the tank, there is a perforated partition 
for dividing the condensing water into nu- 
merous streams. The condensing water is 
introduced by a pipe at the upper part of the 
tank, from a cistern or otherwise, so as to 
keep up a constant supply, which may be 
regulated by a cock or valve. From the 
lower part of the tank a waste water pipe 
descends, and the lower end of such pipe 
is constantly covered with water in a well 
or cistern. The exhaust steam flows from 
the steam cylinder into the tank, and is there 
condensed, whilst the fresh steam in the cy- 
linder acts on the piston, which on the other 
side is subject to a partial vacuum. 

A more complicated arrangement is illus- 
trated by Fig. 153, which is "fed" by 
water that rises into the apparatus at a 
pressure either due to the height it falls from 
or by the vacuum caused. The mechanical 
construction is thus: — 

The injection pipe surrounds the steam 
pipe, so that the injection water will par- 
tially condense the steam in that pipe before 
it reaches the top part of the condenser. The 
discharge pipe or passage is the annular 
space formed by the outer case which sur- 
rounds the injection pipe. The discharge pipe 
descends beyond the cross branch pipes, and 
passes through the discharge branch into the hot well. 

L 2 
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injection pipe fits loosely i 



perforated 

Boood tlii.' injection pipe, in order to compensate : 
equal expansion or contraction of the pipes. This apparatus 
must stand in such a position as will give the discharge pipe a 
perpendicular fall of water to the hot well of thirty-four feet, or a 
column sufficient to balance the weight of the atmosphere. 

The operation of the condenser is as follows : — The steam 
branch pipe being connected with the exhaust pipe of the steam 
engine, and the injection pipe being made to communicate with 
the rose, which is connected to a suitable injection pump if 
preferred, the engine is started, the exhaust steam aud injection 
water through the rose come in direct contact, and the velocity 
of both being stopped by the cap, or top of the condenser, time 
is given for a thorough mixture of the cold water and steam. 
Condensation will then take place, and the water, bv falling 
Upon Ilic perforated plate, will be further detained in order to 
give time for a perfect condensation of the steam ; the condensed 
steam and water will then fall down into the discharge pipe 
through I be plate. The discharge pipe being open at the lower 
end and submerged below the surface of the water in the hot 
well thirty-four feet from the condenser, a column of water is 
obtained whose weight equals that of the atmosphere, and will 
therefore ftlhaMl the condenser, aud draw all the condensed 
mtBU from the engine and escape pipe over into the discharge 
pipe, and llao lilt the water of injection in the pipe from a depth 
]iro|n>riion;i!i' to the vacuum formed iu the condenser. 

A still more curious apparatus has been invented and applied 
with success by Mr. M't'arter. of Londonderry, as illustrated by 
Kig. l''l. in Wfitiftnal tSam&m and plan. 




The working of this apparatus is that the condensation is 
effected by injecting cold water into the condenser, which is made 
in two compartments, higher and lower. The exhaust steam 
pipe from the engine communicates with the top of the higher 
compartment, and this has in the bottom an aperture, with a 
valve opening into the lower compartment, whilst the latter has 
also in its bottom an aperture, provided with a valve opening 
into the discharge pipe, The in- pi e . 1M 

jection water enters by a nose nozzle 
projecting into the upper part of the 
higher compartment. A valve is 
on the top of this condenser, for 
allowing any escape of air when 
blowing through before starting. 

The condenser valves which open 
the communication between the 
higher and lower condensers, are 
metal discs, faced with india- 
rubber, and are kept in their places 
by spiral springs coiled round each 
spindle, the requisite amount of 
elasticity being regulated by a 
screw and nut above. Previous to 
starting the engine it is necessary 
to blow the air out of the upper 
vessel. This is done by a small 
pipe and cock from the boiler. 
Tappet gear and air, water, and 
steam valves are in connection with < 
the lower condenser. 

The engine being started, the 
condensation goes on in the ordinary way, the injection water 
being brought from the river or tan k by the vacuum formed 
in the condenser. The engine having made a certain number 

strokes, steam from the boiler is admitted through the 

im valve, which displaces- any air which may be in the 
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lower vessel. The water valve being then opened, a small 
jet of water is thrown into it, which condenses the steam used 
lor displacing the air, thereby forming a vacuum, similarly 
as in the upper vessel, upon which the upper condenser valve 
opens and allows the products of condensation to fall into the 
lower condenser. By the revolution of the shaft and tappets 
the air valve is then opened, which destroys the vacuum iu 
the lower vessel, and allows the water to fall down the waste 
pipe, the operation being repeated continuously. 

The steam pipe from the toiler to the lower condenser, used 
for displacing the air and forming the vacuum, is furnished 
with a reducing valve, by which the pressure is reduced to about 
one pound above the atmosphere, this being found sufficient 
pressure for the purpose, and making the quantity of steam used 
very small, because the lower vessel only requires blowing out 
at about every fifteen to twenty strokes of the engine ; that 
being, of course, operated by the tappet gear. 

EraOTOB QgHBUTBEBB. — The introduction, about fifteen years 
ago, of Oiffard's injector for feeding boilers, created a gresf (foil 
of wonder amongst the unthinking engineers who could not 
comprehend how ■ boiler could "feed itself," as we beard it 
expressed then, without a water pressure under the feed rata 
as in Watt's time. It seemed puzzling why steam and water 
combined should overcome the same initial pressure of steam in 
the boiler, and therefore enter the same as feed water. The 
secret, however, was contained in the fact that the injector was 
B Cmden#tr, and thus atmospheric pressure was added to that of 
the steam, and the two pressures combined being more than the 
sIljiii pressure, the water was easily forced into the boihv. 

A whirlwind of ideas soon came into contact, and sundry 
inventors rushed to protect their improvements, as they termed 
them, on the original injector — which by the way is the best 
alter all — and about ten years ago a bright conclusion came to 
light from some one, that the injector was actually an ejector; 
thus tin- whole of the tirade of former explanations were rattled 
ftWRj as so much lost work and base thought. 
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Wb liave attended meetings at some of our leading institutions, 
and heard the injector explained in volumes of language, illus- 
trated with innumerable diagrams, but with no conclusion beyond 
it being a wonder ; whereas, in point of fact, if the matter had 
been considered naturally, and therefore simply, it would have 
been understood there and then, that it was the condensation of 
the steam that caused the result, and nothing more. We did 
hazard once in our mild way that such was the case, by way of 
explanation, but our efforts were so 
speedily crushed by the learned in the 
case, that we gave up the contest. 

In the year 1863 Messrs. Barclay 
and Morton, of N. B., patented an 
ejector condenser, as illustrated by Fig. 
155. The actuating pressure enters by 
the vertical top branch, and the fluid 
acted upon enters by the lowest branch ; 
then both fluids unite between the two 
■Hat annular fixed surfaces within the 
intermediate or discharge chamber. p*^ 
The adjustable conical centre piece is 
formed with its spindle, which passes 
through a stufling-box, and on it is 
fixed a hand wheel, which served to 
regulate the admission of the fluids by 
;i. screw chased upon the spindle itself, 
and working freely within a correspond- 
ing thread formed in one end of the 
apparatus. Near to the conical centre ,he r°"" ]8B3 - 
piece a guide is formed with three or more radiating arms ex- 
tending to the interior sides of the apparatus, so as not to ob- 
struct the passage of the fluid. 

Another arrangement is illustrated by Fig. 15G, showing that, 
instead of both the flat annular surfaces being fixed at a certain 
distance apart, the upper disc is made with a hollow spindle, 
through which a rod passes, and is worked by meaiis of the 




pulley. A hand wheel is keyed on the hollow spindle, which, 
when turned round flu distance between the discs, can he made 
either greater or less to a nicuty through the intervention of the 
screwed portion. This hollow spindle, passing through a stuff- 
ing box, and having a groove filled with packing, prevents any 
passage of steam outwardly, although admitting a free passage 
for the steam entering through the slots or holes shown. 
Within the discharge chamber and around the disc an annular 





projection, in connection with the overflow branch, is formed 
within a certain distance of another similar projection cast on 
the other half of the discharge chamber, so that a free slot all 
round the periphery of the discs, and at some distance therefrom, 
receives the discharge water, which may be made to issue with 
mat force by turning the hand wheel so as to admit more steam. 
Fig. 157 represents another form of discharge chamber with 
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stationary discs and an adjustable centre piece passing through 
a hollow spindle of another adjustable disc for regulating the 
admission of the steam. On turning the hand pulleys, the 
steam and water may be regulated to the greatest nicety, the 
one being for the steam and the other for the water. 





Sheppard'a Ejector for the 

SLoun, invented and applied to Hi 
in tbevMT 186T. 



In the early part of the year 1867, Mr. Sheppard of Glamor- 
ganshire applied an ordinary Giffkrd's injector, with suitable 
plugging*, as a condenser-ejector to an engine, as illustrated by 
Fig. 158. That being successful, he was induced to construct 
the more simple arrangement — but the same in principle as the 
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former — as illustrated by Pig. 159, the application of which is 
shown by Fig. 160. f»j. iso. 




Prusurs of Slam in Boiler per 


40 lb.. 




13 in. 




Revolution* of Engine per minute 


80 


Temperature of Water in Tank 


56° 


Temperature of Uncharge Water 


96° 


Height of Surface of the Water above 


«, 






Revolution? of Engine per minute 


800 


Diameter of Water Jet .... 


ft i"- 


Temperature of Discharge Water 


102° 


Diameter of Engine Cylinder . . 




Vaeuum average .... 


8 Iba. 




About this time Mr. Barclay stepped forth 
alone in this matter with his arrangement as 
shown by Fig. 101, which is an illustration of 
a double steam nozzle ejector, suitable for two 
cylinders at the same moment of requirement. 
He also introduced at that time a slightly 
different arranged ejector to the previous ex- 
p ample, and added a steam chamber to equalise 
the flow of the steam, as illustrated by Fig. 162. 
Mr. Morton then came forward as a rival 
to Mr Barclay — and not as a colleague with 
him, as in the year 1 863 — with the arrangement 
as illustrated by Fig. 163, which shows a double 
nozzle ejector also, but of a little more simple 
character than Mr. Barclay's, with the advan- 
tages of introducing a steam jet necessary to 
raise water for the process of condensation 
on starting the engines, and dispensing thereby 
with the spindle and its appendages. The main 
injection water enters at the top side branch, 
and the steam enters at the two branches below 
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opposite. When the engine has started, the steam-jet can be dis- 
pensed with, and the process of condensation carried out by the 
water passing through the centre of the apparatus and receiving 
an impulse from the annular jet of steam entering through the 
top steam-pipe, which produces a vacuum in the lower steam- 
pipe, and a similar impulse produced from one produces a vacuum 





in the other pipe, respectively and alternately as the steam 
escapes from the two cylinders. 

When a head of water of about seven or eight feet can ho 
obtained, the central steam-jet may be dispensed with altogether, 
or, when a pump is used for forcing the central jet of water 
through the jet nozzle and apparatus, it may be advisable or 
necessary to use a regulating spindle, a* shown by Fig. 164, so 
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that it may be adjusted to regulate the inlet flow of water in an 
annular jet or stream to suit the speed of the water from the 
pump. 

Fig. 165 is a vertical section of a liquid current inducing 
apparatus, applicable for the raising of water direct through 





Morton'* Double Noule Ejector, for 
the condensation of slffliu, fitted 
with s Spindle inslend of the 
"Steam Jet," patented in the 
year 1867. 



■team, applicable to the Ejector" pre- 
viously illmtrated, patented in the year 
1867. 



tubes or pipes, either for supplying a head of water for working 
the former arrangements, or for raising water generally for the 
various purposes of condensation. When applied, it may be 
placed in the main range or length of pipes through which the 
water is to be raised at any distance above the surface of the 



; of that required for any 

glit to which that water can 

nds wholly on the velocity of 

ntering at the side branch pipe, 

cock so as to act with any 

■ the annular narrow jet round the 

through which the water passes 

tndrical stream or column forced 

fart induction central tube or nozzle 

PbttUQ, and thence up through the 




be or pipe; the small induction tube by 

I cased as shown, the small portion of condensed 

(rater surface of the tube is forced through the 

; 9 end into the neck of the induction tube, 

in an increasing curve. A lateral branch 

\fi lead into the main water pipe opposite and 

,he nozzle, which is to be fitted with a cock for 

purposes when required. 

t example we refer to is by Mr. Barclay, as illustrated 

■, which is a sectional elevation of the ejector and 



THE CONDENSATION OF STF-AM 

appendages as constructed and applied by him to his foundry 
engine in the year 18(59. The working of the apparatus i-- fcbaJ 
the spindle or injection- valve is opened slightly daring wah 
completion of the stroke of the cylinder-piston, sufficiently to 
admit water enough to condense the steam and farm ■ vacuum. 
This valve is worked by an eccentric and suitable gear. The 
cistern on a level with the slide valve is fitted with an injection 
water spray-plate, and a clack valve below it, that opens or closes 
a communication with the point or position of coml 
directly under the spindle or injection valve; and thus; when 




the clack valve opens, the water behind it is heated and used as 
feed water for the boiler. The cistern below the other is tin- 
hot well, fitted with a clack or non-return valve also. 

In the same year, 1868, Mr. Morton made some practical ex- 
periments in these matters, and Professor Rankine reported on 
them in the following manner: — 

" Report of Experiments on Engines at Albert Works, 
QlaboOW, — The ejector-condenser was applied, as illustrated by 
Fig. 167, to a pair of vertical inverted direct-acting steam 
engines, which exerted collectively a power averaging about 
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24 indicated h.p-. The nominal power of these engines is col- 
lectively 7 h.p., if we apply the ordinary rule for low-pressure 
engines, or 1 5 h.p, if we apply the ordinary rule for high-pressure 
engines. The dimensions of the engines and of the condensing 
apparatus, and the results of the experiments, are given in detail 
in the first table; but as regards the engines, it may be 
convenient to state here that their two cylinders were of IS in. 
stroke, and about 10^ in. diameter, that they ran at from 93 to 
140 revolutions per minute, and that the steam-pressure gauge 
indicated from 30 to 40 lbs. on the square inch above the atmo- 
spheric pressure, which at the time was 14*751bs. on the square 
inch. It may be remarked that the experiments throw light on 
other questions besides the efficiency of the new condenser ; and 
in particular, that the accurate measurement of the quantity of 
condensation water, and of its change of temperature, affords the 
means of calculating the total expenditure of steam, and com- 
paring it with the quantity of steam effectively used in doing 
work, as indicated by the diagrams. 

The principle of the invention may be described as follows : 
— In every injection condenser the cold water rushes into the 
vacuum with a velocity of 43 or 44 feet per second, or there- 
abouts. The exhaust steam rushes from the cylinders into the 
condenser with a velocity which is many times greater than that 
of the water. In the common condenser those rapid motions of 
the water and of the steam are completely checked, and their 
energy is wasted in agitating the fluids in the condenser, and 
ultimately in producing heat ; and lience it becomes necessary 
to use an air-pump in order to extract the water, air, and un- 
condensed steam from the condenser. The power expended in 
working a well-proportioned and well-constructed air-pump is 
known by experiment to be equivalent to that which would 
overcome a hack-pressure on the steam-piston of from i lb. to 
| lb. on each square inch of its area, or on an average about 
O'fi lb. on the square inch ; and that amount of power is lost 
through the wasting of the energy with which the jets of water 
and steam rush into the condenser. In the ejector-condenser 
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the motion of those jets meets with no interruption ; and its 
energy is found to be sufficient, without any assistance from 
pumps, to carry all the water, air, and uncondensed steam — if 
any — completely out of the condenser and into the hot well, 
and thus to save the power which would be required to drive an 
air pump. 

The principal parts of the condensing-apparatus on which my 
experiments were made may be summarily described as follows : — 
The cold water passes from the tank to a conoidal nozzle : the 
area of the orifice of that nozzle is about equal to that of the in- 
jection sluice of a common condenser suited for the same engine : 
that is to say, about ^-y^th part of the collective area of pistons. 
Enveloping the cold water nozzles are a second and a third 
nozzle of nearly similar figure ; these bring the exhaust steam 
from the two cylinders respectively. The middle nozzle has an 
orifice a little larger than that of the innermost, or cold water 
nozzle: the outermost nozzle ends in a throat or contracted 
vein, a little larger still, beyond which is a gradually widening 
trumpet-shaped mouthpiece, leading to a pipe which ends at the 
hot well. 

The condensation of the steam takes place in the interval 
between the orifice of the cold-water nozzle and the throat of 
the outermost nozzle. 

The completeness and efficiency of the condensation were 
tested by vacuum gauges and by indicator diagrams. By both 
means of testing, the left-hand cylinder, which exhausted into 
the middle nozzle, showed a rather better vacuum than the right- 
hand cylinder, which exhausted into the outermost nozzle. The 
average results of the whole of the experiments were as follows : — 

Mean vacuum shown by gauges, in inches of mercury . . 24*5 

Ditto, ditto, in lbs. on the sq. in. . . 120 

Mean vacuum in cylinders, during return stroke, as shown by 

the indicator diagrams ; lbs. on the sq. in. . . . . 10 7 
Which, being subtracted from the atmospheric pressure at the 

time 1475 



Leaves, as the mean back-pressure in the cylinders during the 
return stroke, in lbs. on the sq. in 4*05 
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The back pressure in different experiments ranged between 
3 and 4£ lbs, on the square inch, Those results are at least as 
good as the average results as to vacuum and back pressure ob- 
tained by means of the common condenser; and they show the 
condensation of the steam and expulsion of the water, air, and 
vapour, to be at least as complete and efficient. 

J have estimated the saving of power through the dispensing 
with an air-pump as being equivalent to the doing away with a 
resistance of 0"6 lb. per square inch area of steal n-pis tons ; and I 
find it to be on an average of the several experiments just one 
horse-power, being about 4 per cent, of the mean indicated 
power of the engines. 

I have calculated the energy of the jet of cold water, and I 
find it to be about J of a horse-power. This forms the greater 
part of the energy which is wasted in the common condenser, 
rendering an air pump necessary. 

The experiments then, so far as they have gone, lead to the 
following conclusions : — 

First. That the action of the ejector-condenser is at least as 
efficient as that of the common condenser, with its air pump ; 
and 

Secondly. That by the use of the ejector-condenser the 
power required to drive the air pump is Baved. 

I have calculated — as the following Tables show — the total 
quantity of steam expended l'roni its effect on the temperature of 
the condensation water ; and it proves to be on an average about 
two and a half times the quantity which performs work in the 
cylinder, as calculated from the indicator diagrams. When 
applied to engines that are free from this defect, it may con- 
fidently be expected that the new condensing apparatus will 
give, as regards vacuum and back pressure, results surpassing 
even the very good performance which has been described. 
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the motion of those jets meets with no intemi; 
energy is found to be sufficient, without any 
pumps, to carry all the water, air, and anoondi 
any — completely out of the condenser and ini 
and thus to save the power which would be 
air pump. 

The principal parts of the condensing-appi 
experiments were made may be summarily di-.se 
The cold water passes from the tank to a be 
area of the orifice of that nonle is about equu 
jection sluice of a common condenser suited I 
that is to say, about y^th part of the collect 
Enveloping the cold water nozzles are ■ - 
nozzle of nearly similar figure; these brjn 
from the two cylinders respectively. Xhfl \ 
orifice a little larger than thi ■ of the: fa 
nozzle; the outermost nozzle ends to 
vein, a little larger still, beyond which k 
trampet-shaped mouthpiece, leading t 
hot well. 

The condensation of the steam Uk 
between the orifice of the cold-waki . 
the outermost nozzle. 

The completeness and e£ ■-'■ 
tested by vacuum gauges and by En 
means of testing, the left-hand cvln 
the middle nozzle, showed a rather bl 
hand cylinder, which exhauste ini' 
average results of the whole of 1 i 




Mean vacuum shown by gauge", 

Ditto, ditto. 

Mean vacuum in cylinders, dnri 
the indicator diagrams; lba. o: 
Which, being subtracted from tl 



Leaves, aa the mean baek-preasu.. .. 
return stroke, in lba. on the aq. in 
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lit. Hand ( ■; Under. I... t'i II 1 Cylinder. 



N'oa. of diagrams 

Revolutions per minute 

Steam-gauge nbovo atmosphere, lbs. on I 

the tquare inch J' 

Do., do., ahsolute 

Vaeiinni-fiauges below allnnsphere, lbs.f 

un ihe square inob *\| 

Do., do., absolute J 

Menu buck pressure 

Absolute pressure of release . ■ 

Initial absolute pressure .... 

Mean directive pressure 

Mean absolute pressure | 

Temperature of waste water (Kahren-l 

heitl J 

Elevution of teiuj^rature above coldl 

Heat tarried off bj water, British units I 

per minute J 

Velocity of pistons, feet per minute . 

Loud of one pUlon.lbs I 

Imli'-nted work of one cylinder, fl. Iba.l 

per minute ) j 

Do., do., two cylindi rs [ 

Indicated horsepower i 

Indicated work per minute reduced to! 

eqnivalent quantity of beat . . .1 
Total expenditure of t» at, British ui 

permiitnte 

Efficiency of engines | 

Volume of steam exhausted as shown! 

by indicator in cubic feet per minute/ 
Volume of I lb. in enbie feet . 

Weight ofsteum shown by indicator inl 

Temperature of steam at end ■•{ strokel 
'Fahrenheit) } 

XoM beat i-r II.. of tlmt steam from I 
temperature of waste witter . . . f 

Heat of condensation of steam indi-i 
eatod J 

Heat carried off by waste witter (tts| 
before) j 

Actual expenditure nf steam in lbs. per i 
minute, as calculated from beat off, 
waste water | 

Proportion in which steam actually! 
condensed exceeds indicated steam . ( 

Work in (t.-lbs. i*r minute suved by t 
dispensing with lite air-pump, es- 1 
timnted as equivalent to (Hi 11). pn 



■[ a) 



Do., indicated hnrse-power . 



48-7of 


r. Hi '75 
to 52 '75 


12-03 


12-4 


11-54 


12 ■! 


2-72 


2-35 


3-21 


2-65 


4-25 


3-12 


10 -75 


10-80 


42-75 


3825 


15-25 


14 83 


19-50 


17-95 


SB'S* 


80-5° 


89-5° 


tt-tf 


28288 


23909 


300 


879 


1220 


1180-4 


475800 


8S10W 


951600 


062012 



29531 24857 



1003 
9728 



37440 26784 
1-13 81 



42-75 

16-78 
21-16 



41-0° 
29372 



■12-75 

I.Vsmi 
19-90 



41-0* 
31522 



788 1342-4 1272 

890980 «80910 412128 



10-9 11-2 1 

187" 202 19P 



12163 
29372 



1(1820 
31522 



40320 30816 , 31104 
I 
1-22 ■ -US 



suit for right hand engine. 

>i 2 
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Abstract or PiuscirAL Mean Rebcltb. 
HMD power saved by din]iensiiig with air-pump, indicated ii.p. 
Mi .■mi indicated a.r. of enpines ..... 
Mean l*ic It-press tire in cylinders, lbs. 1111 the sq. im-li . 
Mean vacuum in cylinders, ditto, ditto 

Mean vacuum shown liy paui;™, ditto, ditto 

Ditto, ditto, ditto, in inches of mercury 

Ai"iiit (wo-tliirilii of llio I mill « till yvuivr were due In tl 
the cylinders. 

Temperature of the cold water .... 

Mian temperature of wosti) water .... 
Mean increase of tompcruture ..... 



12fl 
24-5 



Hie condenser was about 5 feet above the tank from whence 
the water was drawn ; so that the water had to be lifted to that 
extent. In calculating the pressure due to the velocity j>lit$ 
that of 5 feet of water, the sum was found to be a little greater 
than the atmospheric pressure of 14*76 lbs. upon the inch. This 
must have been caused by the impulse of the steam aiding 
the atmospheric pressure in accelerating the jet. 

Heport of Experiments at ItYEsnoT.M Pit, near Daliit, 
Ayrshire. — The engine on which the following experiments 
were made is a single-eylindered double-acting horizontal steam 
engine. It drives a fly-wheel shaft, which, by means of suitable 
gearintr, and a pair of bell-crank levers, works a pair of pumps 
for raising water from a pit. The work done by the engine at 
a given speed is thus practically constant. During the experi- 
ments a uniform speed of 22 revolutions per minute was kept 
up; and the indicated horse-power was 24£. The cylinder is 
without a steam jacket; consequently some heat is meted 
through condensation and re-evaporation in the cylinder, which 
might be saved if there were a jacket. Throughout the experi- 
ments the engine was worked at full steam, the admission going 
on from the beginning to the end of the stroke. The diagrams 
taken show a fall of pressure at the end of the stroke to the extent 
of about 3 lbs. on the square inch, below the initial pressure ; and 
this is one of the effects of condensation in the cylinder. They 
also show a gradual formation of the vacuum, during the earlier 
part of the return stroke : and this is an effect of the re-evapora- 
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tion of water previously liquefied in the cylinder, through the 
want of a steam jacket. The engine was originally non-con- 
densing, and was converted into a condensing engine hy the 
addition of an ejector-condenser. 

Fiumcipal Dimensions of the Emgikb. 

Stroke 4! bet 

Diameter of cylinder ....... 18 inches. 

Area of piston (allowing lor liu]i'[iist"ti rod). 202 wjnuro inches = 175 sq. feet. 

Space swept by pintnn per revolution .... 1575 cubic feet. 

Space swept per minute, at 22 revolutions . . 3465 cubic feet. 

Mean speed of piston, at 22 revolutions per minute .198 feot per minute. 

General Description of the Experiments. — The engine 
being kept working at the before-mentioned steady speed of 22 
revolutions per minute, the quantity of water discharged from 
the condensing apparatus was measured by means of a suitable 
gauge ; and the rise of temperature of that water was ascertained 
by comparing together two thermometers, one in the cold well 
and the other in the hot well. Tims were obtained data for 
calculating the total expenditure of steam, from its heating effect 
on the condensation water. Indicator diagrams were also taken 
to show the power, and the pressure and vacuum in the cylinder 
when working as a condensing engine. The exhaust pipe of the 
cylinder was then disconnected from the condensing apparatus, 
and made to discharge the exhaust steam into the air. The 
engine was thus made to work as a non -condensing engine, 
at the same speed and against the same load as formerly j and 
indicator diagrams were taken to show the pressure in the 
cylinder under these circumstances. All the diagrams showed 
the same mean effective pressure, viz., 1 6*2 lbs. on the square inch ; 
and the same power, viz., 24£ i.h.p. The boiler pressure, as 
shown by the steam gauge, ranged from 21) to 32 lbs. on the 
square inch above the atmosphere; but in all the experiments, 
whether with or without condensation, the pressure in the 
cylinder was greatly reduced by means of the throttle valve. 
The vacuum gauge, when condensation was used, remained 
perfectly steady at 24 inches = 11*76 lbs. on the square inch ; 
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and this is sensibly identical with the greatest vacuum shown 
by each of the diagrams. 

EXPEMWKNTS MAltK WITHOUT CONDKNHATIOH. 

Initial pressure of steam ; llm. on the eqnaro inch nbon atmosphere W* 

Final pnamtre, ditto, ditto, ditto h'r 
Wi i:.:lil i if steam eipendod in Ilia, per inmr, as calculated from final prc- 

■m En cylinder IS78 - 

Ditto, in 11 in. per i hi. per hour 6M 

Weight of item expanded in Ibc per boor, u calculated from iniimi 

procure in cylinder 17:11' 

Uiitn, ditto, per lh.f. per bom TOT 
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[nitiiii preston of itBun . foe. on tin- square ini-ii uimvo atmosphere . 'j' 

liimi pr. -■.in.-, .linn, ilittu, ditto . . 6- 

\iii'iiiiiii sit ond of exhaust, Ibe. on tin; wpiaro inch . .... 117 
Weight of hti'imi i\j«iiiIlh1 in lbs, [ii:r luiiir. ils ealcnlatoil from final prcs- 

nn En cylinder . 1066' 

Ditto, ditto, per uu. pa hour m:i 

Weight of Meetn expended fa the, pes hoar, u calculated from initial 

l>ny*nr<! m cylinder ......... ISM 

Ditto, ditto, per UU pet boor . ....... Hr8 

Hence it appears that when the expenditure of steam is 
computed from the indicator diagrams, it is found to be reduced 
by the addition of the condensing apparatus to about seven- 
tenths of its previous amount, ■when the engine is doing the same 
work : in other words, the saving is 30 per cent. 

Results op Experiments on the Condensation Water. — 
The (jiiautity of water discharged from the condensing apparatus 
was gauged by causing it to pass out of a tank through an 
accurately turned and measured circular orifice in a. thin plate 
of sheet iron, and measuring the height above the centre of that 
orifice at which the surface of the water in the tank stood. The 
following are the data and results : — 

Diameter of the orifice, inches 3'& 

Total area, in fractions of a square foot ..... '06689 

Effective, area, the cn-effieii-nl, of t'ftiit met ion lining '018 , . . Oil;.' 

Head of water in tank ........ 1 j) foot 

Velocity at contracted vein produced hy that head, feet per aecoud . (KlB 
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n'-i-]iflj*«c, cubic loot [icr second ....... '372 

Ditto, ditto, per minute 22'32 

Ditto, ditto, per hour 1339*2 

Ditto, lbs. per hour 83430- 

Temperature, cold well ........ DSTFaijr. 

Ditto, hot well 70" Fair. 

Difference 18'Falir. 

Units of heat (British) per hour given by the steam to the water, 

wry jiwirly 1,502,000 

Total heat, of steam from GST at 230"— beinic the temperature cor- 

refiponiliiip to fimil pressure in cylinder — British units . . 1,131 
Total steam condensed in His. per hour, as calculated from effect on 

water of condensation 1328 - 

Ditto, per i.h.p. per hour 54"2 



The excess of the total expenditure of steam, as thus com- 
puted, above the expenditure as shown hy the diagrams, is to he 
accounted for mainly hy condensation and re-evaporation in the 
cylinder, which go on in all engiues not provided with steam 
jackets. 

Further Comparisons of Expenditure of Steam. — The 
calculations of the expenditure of steam in pounds per hour, and 
in pounds per indicated horse-power per hour, with and without 
condensation, are here recapitulated : — 



Wn 



Condensation. 



per Hour. 



.1. Calculated from finnl pressure, as shown by diagram . 108G 

B. Calculated from initial pressure, as shown by diagram, the 
fall of pressure during admission 1 icing ascribed to 

liquefaction in the cylinder 1234 

(', Calculated from effect on temjierature of water discharged 132S 



Lis. Steam 
p.-r r.o.p. 
per Hour. 

44-3 



503 
54-2 



Without Condensation. 

/'. Calculated from final pressure, as shown by diagram . 1578 64'4 

E. Calculated from initial pressure, as shown by diagram, the 
fall of pressure during admission ln'injr uscrihed to 
liquefaction in the cylinder 1731 707 

The difference between the numbers marked B and fin the 
preceding table— viz., 1)4 lbs. per hour, or 39 lbs. per indicated 
horse-power per hour, being 7 per cent, of the total expenditure 



of steam marked C — represents the quantity of steam lost, or 
ineffectively expended, through the following causes : — 

1. Filling cyliuder-ports and clearance. 

2. Liquefaction immediately on entering the cylinder — fol- 

lowed by re-evaporation during return stroke. 

3. Leakage past the packing of the piston. 

4. Expenditure at the starting-jet of the condensing appa- 

ratus. 

It is evident, however, that the lirst three causes alone are 
sufficient to account for the whole, or nearly the whole, of a 
waste of steam amounting to seven per cent, of the whole ex- 
penditure ; and this is in accordance with the fact that, during 
the working of the engine, the cock of the starting-jet is kept so 
nearly closed that the escape through it must be almost inap- 
preciable, being just sufficient to prevent the suction of air at the 
small hole in the cylinder of the self-acting piston-valve, by 
which the start mg-jet is regulated. 

When the engine was worked without condensation, there 
were no means of measuring the total expenditure of steam, 
including waste, as there were when condensation was used. 
If we assume, however, an allowance which is commonly made 
in practice for clearance, leakage of piston, packing, &c, viz., 5 
per cent,, we obtain the following probable estimate of the total 
expenditure of steam without condensation : — 

LW. Steam Lira- Steam 



K. Expenditure, as already calculated from inili.il pressure 1731 
Add 5 per cent, for clearance, leakage, &c. . . . 87 



F. Probable total expenditure without con den nation . . 1818 

G. Total expenditure with condensation, as before . . 1328 



Difference, being net k 
condenser . 






) of the ejector 



I*r Hour. 
707 



20'U 



Being 27 per cent, of the greater expenditure. This, however, 
is probably a low estimate of the saving : for it is based on a 
low estimate of the waste of steam m the non-condensing 
engine. 
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Useful Work. — The useful work done by the engine is 
calculated from the following data : — 

Diameter of bucket of each of the two pumps .... 101 inchos. 

Stroke 4 feet. 

Height of lift 25 fathoms = 150 foot. 

Double strokes per minute, |ths of number of revolutions of en- 
gine, or 12* 

The results are :— 

"Work, foot-lbs. per minuto 550,368 

Effective horse-power ........ 16*68 

[piilir'iiti'il li<ir*r-|«iwr. as iilrciiiij stated ..... 24"5 

Efficiency, or ratio of effective to iD-lieatetl power .... 0*68 

That is to say, 34 per cent, of the indicated power is the power 
expended in overcoming the friction of the pistons, valves, 
mechanism of engine and pumps, and pump plungers, and the 
resistance of pipes and valves to the motion of the water raised 
by the pumps. 

Conclusions. — The principal conclusions to be drawn from 
the experiments are, that the use of the ejector-condenser effects 
a saving of steam, as compared with the expenditure of steam 
by the same engine when doing the same work without conden- 
sation, which certainly amounts to 27 per cent., and probably 
to 30 per cent. : that there is probably a greater proportionate 
saving in the fuel burned; for it is well known that a diminu- 
tion in the absolute quantity of fuel burned in a boiler increases 
the proportionate evaporative power of the fuel, hy diminishing 
the waste of heat : that there is a steady vacuum of 24 inches 
of mercury, or 11 '75 lbs. on the square inch; that the expendi- 
ture of steam by the starting-jet is certainly very small, and 
probably almost inappreciable: that the condensing apparatus 
is easily manageable, and not liable to get out of order : and 
that it lias been added to the engine without requiring any addi- 
tion to the size of the engine-house, and without causing any 
inconvenience by the space which it occupies there. 

It may be remarked that the present example of the ejector- 
condenser, having been originally intended for a larger engine, 



discharges a quantity of water greater than is absolutely neces- 
sary for the condensation of the steam, and therefore at a lower 
temperature than if the condenser had been specially designed 
I'or the engine j and that it therefore does not show the advan- 
tages of the ejector-condenser to their full extent. 

Mr. Morton patented two very simple arrangements of single 
and double nozzle ejectors, as illustrated by Figs. 168 and 189, 




PatBBlrii Elevation of Morton'* 
Ej«lor for the condensation nf 

.-!-:. in In.,™ Single CjlitldM 



Complete Elevation of Moiton's 
Ejector for the condensation 
of steam from two Cylinder 
Eng-lnw. 



tionsil Elevation of Mor- 
Mii's Kj.iloi-lor the tonden- 



in complete views, and a sectional view of the latter by Fig. 1 70. 

In starting these ejector-condensers the large hand-wheel 
should be turned so as to raise the central spindle, and thereby 
open the water nozzle. 

The small wheel should be screwed down so as to keep open 
tlif starting steam-jet until the engine is fairly at work 
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Prior to starting the engine, open the steam stopcock, and the 
injection water will then pass through the apparatus and thereby 
form the vacuum. 




BaidKj'j Ejertei-Con.lenwr, lillM with a Ontrnl >! Sltim 
useil on starting the Engine in th» plic* ol'ilic SU( Jet Plptt, mi it 
tj Fig. 170, [wtented in tlii: year 18li9. 



So noon as the engine is working at its usual velocity, the 
small wheel should be unscrewed, so as to allow the vacuum to 
automatically shut oil 1 the starting steam-jet. 

Jlr. Barclay not having exhausted his ideas on this subject, 
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lie patented in the year 1S69 the arrangement of ejector and 
apparatus as illustrated by Fig. 17 1, which is a sectional elewi- 
tion of the ejector and steam-chamber to which it is connected, 
tin; lop branch on the left hand being in connection with the 
exhaust pipe of the engine cylinder. The ejector-condenser is 
shown in operation, and the central pipe, which communicatee 
M, in. to the boiler by the top-side branch, is there- 

■s fore lowered by means of the screw into a 

XL working position ; in this case it is shown 

as projecting into the combining, or lowest 
nozzle. The branch is provided with a stop- 
cock, not shown in the illustration, by which 
the steam from the boiler can be shut off 
and admitted as required. 

The illustration, Fig. 172, is another of 
Mr. Barclay's arrangements of the central 
steam-jet ejector, and illustrates also the 
passage of the steam and water daring the 
process of condensation. 

Mr. Barclay patented within the same year 
the application of an ejector in substitution 
for an air-pump for drawing off the injec- 
tion water, water of condensation, and the 
air from an ordinary condenser, as illus- 
trated by Fig. 17;i. The ejector is con- 
nected to the lower part of the condenser by 
the branch, and the overflow chamber is 
connected to the upper part or air space of the 
condenser by the air pipe. Sufficient steam 
!Ud.^7^Jilii »''.^ to put the ejector into operation is admitted 
pM dh*. T «rum into t[ie a pp ara tus by the top branch; 
when therefore the apparatus is in action, the injection 
water passing in through ami lodging in the condenser is with- 
drawn through the branch passage, and the ;iir and uneondeused 
vapour from the upper part of the condenser are withdrawn by 
the rushing action of the water-jet through the air pipe. In 
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tins manner the injection-water, water of condensation, uncon- 
densed vapour, and air are all ejected through the discharge- 
throat of the ejector. 

Mr. Morton patented also various arrangements which, al- 
though of great similarity, warrant distinction. The first of this 
class is shown hy Fig. 174, on the next page, illustrating that the 
exhaust steam from the engine cylinder enters the condensing 
apparatus by the left-hand branch, and is directed as shown by the 
arrow towards the throat of the inducing tube. The injection or 
inlet water enters by the right-hand branch, and is also directed 




by the form of the inlet nozzle in a central or annular jet or jets 
towards the inducing tube ; and at each discharge of the exhaust 
steam from the cylinder or cylinders the jet of water receives an 
impulse from the exhaust steam, which is more than sufficient to 
propel it through the inducing tube against the pressure of the 
atmosphere. Between each alternate discharge of exhaust steam 
from the cylinders of slow going engines especially, the jet of 
water may not have sufficient force imparted to it to enable it to 
pass through the inducing tube ; then, in that case, it returns 
by file side passage and conical annular space again through the 
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return water jet nozzle, which is formed of nearly the same dia- 
meter as tlie inlet water nozzle, and at such a distance in front of 
it tliat the area of the annulus betweeu the two nozzles nearly 
equals the area of the smallest diameter of the return water 
nozzle. The return water, whilst parsing through the outer 
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nozzle, therefore for tin- time being, stops the inlet How of water 
through the next inner nozzle, until the next discharge of ex- 
haust steam from the cylinder gives the water a sufficient force 
to piiss through the indncingtube, and this manner of returning 
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the water and alternately stopping its inlet flow during the 
interval between the discharges of steam from the cylinders 
form the chief improvements in this modification or arrange- 
ment of the parts. To prevent the possibility of the injection 
or inlet water flowing or returning back through the injection 
pipe, a non-return valve is fitted on the suction side of the 
apparatus, and for a similar reason a valve is fitted at the lower 
end of the inducing tube, so that the discharge water can never 
return back through the apparatus. 

Fig. 175 is a vertical and a hori- 
zontal section of another modification 
of a similar apparatus, with the addi- 
tion of making the outer or last steam 
and water combining nozzle adjustable 
by means of the rack and pinion con- 
nected with the governor of the en- 
gine through the lever and rod, so 
that when the engine increases in 
speed the combining nozzle becomes 
adjusted at a greater distance from 
the water nozzle in accordance there- 
with. 

Fig. 176 is a sectional elevation of 
another modification, as adapted to a 
pair of cylinders with separate exhaust 
pipes, the exhaust steam from one 
cylinder entering the apparatus by 
the top branch, and that from the 
other by the lower branch. The chief 
feature in this modification differing 
from the previous modifications shown "fcS^SSSrSSrS wSj 
by Figs. 174 and 175, consists in ^'S ""* |,,wl * 1 ^ "" 
making the combining nozzle self- 

icting, or automatic ; thus, when the jet of water passing 
through the two outer nozzles is insufficient in force to pass 
through the inducing tube, it gathers in the space between 
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the combining nozzle and the throat of the apparatus or in- 
ducing tube, and thereby produces a force capable of moving 
the combining nozzle nearer to the water nozzle, and by 
so doing it increases the impulsive force of the exhaust steam, 
so that the water jet is propelled through the inducing tube 
with sufficient force, not ouly to discharge itself, but by its 
inducing action to drag with it that which had gathered in the 





Morton's Strain Double Branch 1 
deneer, lined with a Rack on 
regulate the lower Combini 
patented in the jear 1869. 



surrounding space, thereby producing a diminished pressure on 
the combining nozzle, when it again recedes from the water 
nozzles to its maximum working position. 

Pig. 177 is a similar section of a similar apparatus to that 
previously shown and described, but instead of the combining 
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3 being self-acting, as in Fig. 176, it is worked by a rack 

. and lever in connection with a lever keyed upon the 

r reversing tbe link motion of the engines. When the 

■ link is in mid-gear the combining nozzle is at its 

i distance from the water nozzles, and when the re- 




Mortnu'i Kjf*tor-l.'i> 
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ersing link is in lull gear, in either direction for running the 

ngincs forward or back, then the combining nozzle is at its 

rimum distance from the water nozzles, thus causing the 

ombiuing nozzle to bear a constant relation to the position of 
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the reversing link and quantity of steam admitted to the engines 
and apparatus. 

Fig. 178 is a similar section of another modification of t 
apparatus, also for a pair of engines. In this modification, t 
first combining nozzle is made adjustable, instead of the second, 
as in the two former modifications, which in this case is station- 
ary; otherwise the apparatus and the working of the movable 
fig. i8i. nozzle, or nozzles when more than one is 

used, are similar to those just described in 
reference to Fig. 177. 

Fig. 17fl is an elevation and plan in sec- 
tion of a modification so arranged that the 
exhaust steam from a pair of cylinders 
enters the apparatus respectively from each 
by the rectangular branches at oppo- 
site sides, and acts in one combining nozzle 
common to both branches and cylinders. 
The combining nozzle is made adjustable, 
either regulated by the governor or link 
motion actuating mechanism, and is fanned 
and fitted with the return passage and a 
return nozzle. 

Fig. ISO is a sectional plan and elevation 
of a modification of the apparatus, wherein 
two combining nozzles are used, with the 
branches for admitting the exhaust steam 
on each side of the apparatus, in connection 
with two separate nozzles, and the lower 
one being worked by a rack, pinion, and 
lever, which latter is in connection with the 
engine governor as in the other ease, 
Mr. Barclay followed immediately alter 
this with his arrangement as illustrated by Fig. 181, Bhowing that 
there are four nozzles, through the first of which is a blow-through 
steam jet pipe, and steam from the boiler is admitted, by the 
branch provided with the stop-cock, down through and beyond 
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the second nozzle into the remaining nozzles. On starting the 
apparatus into action, and as soon as the steam jet has caused the 
water to flow, the other steam, which may be either steam direct 
from a boiler or that coming from an engine or machine wherein 
it has performed a previous action, or from a vessel or chamber 
from which it is to be exhausted, is admitted through the two 




side steam branches, and it acts on the water as illustrated, 
while the starting jet admitted through the nozzle or blow- 
throngfa pipe may or may not be wholly or partially shut ofl' by 
the stop-cock. 

The next illustration, Fig. 182, shows another arrangement 
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.ao 
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the apparatus, which when in action, the steam flowing from 
the steam chamber keeps the flap valve open, but when the 
ejector-condenser is stopped, the atmospheric pressure acting on 
the water issuing from the lower mid main discharge pipe forces 
it back into the overflow chamber, where there iB a vacuum or 
partial vacuum, and the Hap valve Fw i8 , 

being then shut prevents the water 
from passing into the steam 
chamber and the cylinders. By 
Qua arrangement of the five steam 
nozzles shown, it is obvious that 
the water jet issuing from the 
smaller long nozzle receives a suc- 
cession of impulses of steam as it , 
is passing through them, and by 
means of this succession of im- 
pulses the water is caused to flow 
through the final nozzles more 
efficiently than hitherto. At the 
same time a greater number or a 
larger area of condensing surfaces 
of water are obtained — that is, a 
condensing surface between each 
pair of nozzles — than in apparatus 
of the kind as constructed with 
four nozzles. 

Fig. 183 is a vertical section of 
an ejector-condenser slightly dif- 
ferent in its arrangement from the 8m*wm nidation of Butte;-* OhmoowI 

. . N<w1fiEj«.1orl , H l J.'ii^r!,n-!w.>l. , vlii..|.'vii, 

previous example, as in this ease a illustrating ih. proa* d . 

ss number ot such nozzles are 
employed. The blow-through jet pipe is adjustable by the top 
screw and handle, and the steam nozzle is adjustable by means 
of the side-screw and handle. Two steam branches are em- 
ployed, and these may either be attached to a receiving steam 
ftbamber, or direct to the engine exhaust pipes. A piston valve 
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is used for admitting steam through the blow-through pipe or 
central jet nozzle, ami it is actuated by means of the piston in 
the atmospheric cylinder, this cylinder being connected to the 
overflow chamber by the pipe. 

The ii,'\{ example is shown by Fig. 184, and specially illus- 
trates the placing of a stop-cock in the aide passage which con- 
nects the branch surrounding the long nozzle with the chamber 
,. 1W surrounding the steam or shorter nozzle. By this 

arraogsmenl the tratei jet is started into action 

through the nozzles by admitting steam at the 
top-side branch, which rushes down through the 
long nozzle so as to flow with Che water tlut 
is drawn into the apparatus through the lower 
side branch; and as soon as the inter jet is thus 
put into motion the stop-cock is opened into the 
position shown, and therefore allows the steam to 
pass into the lower passage or chamber, into the 
second short nozzle, and thence through the open- 
ings therein into the next short nozzle, and next 
tely impinge upon the water jet at the 
final point. 

By means of this arrangement, the apparatus 

may be caused to inject or eject a small quantity 

of liquid, or condense a small quantity of Bteam, 

when the stop-cock is shut, or to inject or eject 

a larger quantity of liquid, or condense 

quantity of steam, when the stop-cock is open : and 

OaaduMr, with « another advantage resulting from this arrangement 
Mop-Cook ". ib« ■ , i 

..<■. an,! is that it is capable ot feeding or mieettn" a 

litbd with. Foot- ,. ., 11-, ., •■■ 

v.ivo.jwio:.t.-.i in liquid at a much higher temperature than with 

other apparatus of the class hitherto constructed. 
The crater jet being first heated by the condensation of steam at 
the end of the long nozzle, it is further heated by the conden- 
sation of the steam at the ends of the three short nozzles. This 
apparatus is provided with an overflow branch; alao with a 
foot valve so shaped as to effect a minimum of resistance to the 






liquid passing around it, and to shut easily when any reaction 
takes place, but when used as a condenser. The top side screw is 
for regulating the position of the long nozzle, and the quantity 
of steam passing through the nozzle is adjusted in the usual 
manner by the central spindle. 

Mr. Barclay patented also the ejector as illustrated by Fig. 
185, the working of which is that the steam passes direct from 
the exhaust port of the cylinder into Fl0 185 

the condenser through the branch, 
escapes down the chamber, and blows 
out the water contained in the lower 
part thereof through the flap valves 
into the surrounding cistern or hot 
well. These valves, which are four 
in number, are placed on a valve box, 
square in plan, with rectangular open- 
ings at either side closed by flap 
valves. The lower part of the valve 
box is of pyramidal form, with the 
sides of the pyramid curved as shown, 
and the hollow underneath is filled in 
with Portland cement or other ma- 
terial. The flap valves are fitted 
with stops, so that they may not 
open more than a fixed distance. 
These stops may be applied in various 
forms. At the upper part of the 
condenser the water branch is con- 
nected to a. cistern of water not b«c)«j'» Ej«to^c™di 
shown, from which the water flows 
in and fills the top chamber, in the 
bottom of which the spindle valve is fitted to a corresponding 
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The gear for working the injection valve is shown by 
Pig. 186, where it is seen that the spindle is connected at the top 
to the centre of the lever, vibrating at one end on a joint, and 
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having an adjustable rod joined to its opposite extremity. At 
the lower end of this adjustable rod is an antifriction roller, the 
pin carrying which passes through the end of the rod, and is 
supported at its ends in the arms of a forked lever vibrating on 
the joint fixed to a flange on the condenser. A cam, having 
two adjustable blocks, plates, or tappets, bolted to its periphery 
at a distance apart, is supported in bearings placed in the 
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Fj«1oi-C™dm<sn, patented Id the jp*r 1869. 



bracket bolted to a flange cast on the side of the condenser, and 
is placed with that part of its periphery which is not occupied 
by the blocks, plates, or tappets, almost touching the antifriction 
roller, so that when the cam, actuated by means of the crank 
and eccentric fixed on the engine shaft, moves, the roller is 
caused to rise and fall according as it comes into contact with 
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or leaves the blocks, plates, or tappets, which also causes the 
valve spindle to rise and fall, whereby the valve is intermittently 
lifted, and thus allowed to fall and close on its seat. The action 
of this form of blow-through condenser is as follows. Directly 
the steam which passes into the lower part of the condenser 
comes into contact with the water therein it blows it out through 
the foot valves into the chamber or hot well, whence a sufficient 
quantity of it is taken to feed the boiler, whilst the remainder 
may be otherwise used or allowed to run to waste, and at the 
same time the injection valve is lifted, which allows cold water 
to fall into the lower part of the condenser, which instantly 
condenses any vapour that may remain therein, at the same 
time it fills the lower part of the eondenser in readiness to be 
acted upon and blown out by the steam at the next exhaust. 
When (he engine is in action the operations now explained are 
continuously repeated. It is preferred to construct the chief 
parts of the condenser with air spaces, or in any other way to 
reduce their tendency for conducting heat. For this purpose 
an air space, seen in the sectional view, is formed at the sides of 
the small water chamber in Fig. 185. 

The illustration, Fig. 187, is another arrangement of gear and 
ejector by Mr. Barclay, showing sections of a condenser having 
an ejector applied thereto for withdrawing the water, uncon- 
densed vapour, and air in lieu of an air pump. 

The condenser receives the exhaust steam from a steam engine 
cylinder, being led thereto by the top branch. At the lower end 
of the condonser a branch communicates with the water nozzle 
of the ejector. The condenser contains a float which moves 
upwards and downwards in it correspondingly with the variation 
of the water level therein : it is guided by a central guide rod. 
At. the upper end of the float a link is attached, having a long 
slot formed in it, and through which the stud in the lever passes ; 
(Ins lever being centred upon the spindle of the throttle valve 
in the injection passage, and when the level of the water in the 
condenser is such that the float is raised so that the lower part 
of the slot in the link bears upon the stud, it raises the lever 
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into the position shown, so as to partly shut off the injection 
mtfll from issuing from the perforated nozzle or rose — it being 
understood that the throttle valve is of such size that when in 
the position shown it still allows some water to pass around it. 
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In tilt other case, when the level of the water in the condenser 
i end of the slot in the link bears upon tfa 
the weight of the float depresses the lover, this 
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having the effect of opening the throttle valve, so as to allow a 
greater amount of injection water to flow in. 

The small stop valve is for admitting or shutting off the water 
from the injection passage, and the other or larger stop valve is for 
admitting or shutting off the flow of steam from the boiler into 
the ejector. The lever also ac- no. laa. 

tuates another short lever, shown 
in dotted lines, connected by the 
rod to the lever which actuates 
the ejector cock. The starting 
handle of the engine for actu- 
ating the link motion starts the 
engine, and at the same time 
adjusts the position ofthe throttle 
valve, so as to admit the desired 
quantity of steam into the ejec- 
tor. 

The lower branch of the ejec- 
tor is connected by the air pipe 
to an opening in the condenser, 
by which it draws off water, air, 
and uncondenscd vapour, when 
the water level is above the 
orifice, but it draws off air and 
uncondensed vapour only when 
the water is below the orifice. 

Mr. Morton's last arrangement 
is illustrated by Fig. 188, which 
is a single steam branch ejector 
with double combining nozzles, 
and a side passage for the over- '^'^M^'uX^S^Zk 
flow in the first nozzle. The re- ** »" 18TO - 
(paining portions of the apparatus are very much as those 
Rfesady explained and illustrated. 

We next refer to an arrangement of self-acting condensing 
apparatus introduced by Mr, Crichtou — in the year 1866, 
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particularly adapted for marine engines — who has since fitted 
several steam royal navy launches with it with some success. 
A transverse section of the valves and piping are illustrated by 
Pig. 1 89, where it is seen that there are double stop valves applied 
to the outer end of the steam pipe, and so arranged, that when 
the top valve is closed and the bottom one open, the steam 
passes into the surface condenser or condensing pipes ; and when 
the bottom valve is closed and the top one open, the engine can 
be worked as a non-condensing engine by exhausting through 
the exhaust discharge pipes, and by closing both the upper and 




lower valves in case of accident to the surface condenser, and 
removing the cylinder valves, the ordinary injection condenser 
can be brought into use. The discharge pipes extend upwards 
to discharge the uncondensed steam externally at a convenient 
part of the ship's side above the deep load line. The surface 
condenser pipes on each side of the vessel, which extend along 
the outside of the ship, are shown by Fig. 190, as passing 
through the screw propeller opening, and are made to return 
along the other side of the ship, where they terminate inboard, 
in connection with the stop valves. 
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Mr. Simon's apparatus for " outside of the hull " condensa- 
tion must next be noticed, as shown in sectional elevation and 
plan by Fig. 191, which consists of a box secured to enclose a 
perforated plate in the hull, at which part a small nozzle pipe is 
secured to discharge the water inside the box, attached to which 

Fio. 190. 
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Crichtou's Arrangement of Surface Condensing Pipes outside the hull, for the 
condensation of steam, patented in the year 1866. 



Fig. 191. 




Simon's System for the Condensation of Steam outside the hull, applied in the 

year 1868. 

is an exhaust pipe enclosing a perforated steam pipe in con- 
nection with a bend pipe fitted with an air valve, which opens 
inwards to prevent a vacuum forming in that pipe. The work- 
of this combination of pipes is, that the water enters through 
rforations in the plate and condenses the steam that issues 
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from the perforated pipe ; and as the vessel advances, the inside 
inter passes through the nozzle opening, and thus a constant 
current of exchange of water is kept going. Of course, in this 
ease, boiler feed water is not a relative consideration at all. 

Early in the yew 1S70, Mr. McCarter patented the con- 
densing apparatus illustrated by Fie. 1^2, which is an improve- 
ment on the example shown by Fig. 154, 
on page 14!). The exhaust pipe from the 
engine communicates with the top of the 
Tl" higher condenser, and this Iilis at its 

bottom a grated opening provided with a 
valve and leading into the lower condenser, 
whilst the latter has al its bottom a grated 
opening provided with a valve and leading 
into the discharge branch. The valves are 
metal discs covered witli vulcanised rubber 
on their upper sides, to close up against 

the under sides of the grated openings, and 
the discs have fixed to them spindles, which 
pass up through the centres of the 
and have spiral springs applied to them 
in such a way as to tend to lift the valves 
up to the gratings. These springs rest 
upon the gratings, and their upper ends 
press up against washers fixed on the 
upper ends of the .spindles by screw nuts, 
and by means of the screw nuts the action 
of the springs is nicely adjusted. Both 
compartments are fitted with rose nozzles 
i for the injection of cold water, but whilst 
one in the upper eonipnrtmeiit is always 
open, the other in the lower one is generally closed by a 
valve. The lower compartment is provided with two other 
valved inlets, as best seen in the plan, one being for air 
and the other for steam. The three valves are by preference 
equilibrium valves, and arc opened at proper times by catnt, 
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such as the one shown on a horizontal shaft, which is 
made to revolve by gearing from the main shaft of the steam 
engine. Both compartments are fitted with snifting valves, for 
the escape of air, these valves being simple hinged lids which 
open outwards whenever the internal pressure is greater than 
that of the atmosphere. The upper compartment acts like an 
ordinary injection condenser, and the water due to the condensa- 
tion of the steam from the engine accumulates in it along with 
the injection water until its weight is sufficient to overcome the 
spring and open the upper valve, which it does when there is a 
vacuum in the lower compartment. The water, which on the 
opening of the valve passes to the lower compartment, is got rid 
of from the latter by opening the air valve, whereupon the 
atmospheric pressure on the under side of the lower valve being 
thus counterbalanced, the water opens that valve by its weight 
and passes into the waste pipe, the valve of course closing again 
by the action of its spring. The air valve is then closed and 
the steam valve opened, the steam blowing the air out of the 
compartment by the sniffing valve and filling the compartment. 

We have thus far dealt with the condensation of steam by the 
agency of water ; but we now direct attention to the use of 
" air " as the means, i.e., cold air in the place of cold water. 
We had some experience with " air condensers " in the year 
I860, in which the steam was admitted through narrow long 
openings, so as to be in contact with a current or volume of 
air sufficient to carry away the steam and condense it within the 
required distance for the purpose, but the result attained was 
Car from being economical, and thus it died a financial death. 

In the year 1864 a Mr. Thorold patented an arrangement of 
an air condenser, and the necessary apparatus for working the 
same in connection with marine steam engines, which we 
illustrate as an impossibility, by Fig. 15)."!. 

Tin:- exhaust steam from the steam engines passes to the 
circular passage, from thence through the current divider into 
the condensing chamber, wherein is a fan of large diameter, 
drawing in air through the air take, driven from the screw shaft 
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by means of fractional gearing, of which the vertical wheels slide 
upon the screw shaft, so as to bo put in gear with opposite 
sides of the fan wheel, for the purpose of driving the fan always 
in the same direction, in whatever direction the screw shaft 
may revolve. 

The passage into which the uncondensed gases pass is in 
connection with the air pipe for conducting the same to the 
furnaces of the boilers ; the boiler feed water being conveyed 
by a separate pipe above the air pipe. 

As a certain small quantity of water will always pass away as 
uncondensed gases, it will be requisite to make good such loss 
by evaporating a corresponding quantity of fresh water from 
the sea water. Tor this purpose a conical .retort is placed over 
the exhaust steam pipe, and a flat vessel is placed below the 
same, and sea water is introduced first into the latter through 
the worm, and is then caused to pass through the coil of pipes 
situated in the steam pipe and into the retort. This retort is 
furthermore surrounded by passages filled with the exhaust 
steam, and the sea water becoming thus heated by close contact 
with the different steam-heated surfaces, the evaporation of 
fresh water to the required extent takes place. 




Tborold's Air Condenser, tor the CHiHlcnsalion of sfeani from Marine Engine), patented id the year 
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CHAPTER XVI. 



CONDENSING APPARATUS FOR LOCOMOTIVE ENGINES. 

When the Metropolitan Underground Railway scheme was dis- 
cussed in scientific circles about ten years ago, the question arose 
as to what should or could be done with the steam from the 
engine and the smoke and gases from the chimneys ; for it was 
very evident that no practical system of tunnel ventilation could 
be carried out sufficiently to dispose of those existing barriers 




entirely. The smoke was got rid of by burning smokeless coal, and 
the gases by tunnel ventilation, while the steam was condensed, 
which latter process forms our next subject. 

Foremost amongst patentees at that time came Mr. Slaughter 
of Bristol renown, with his scheme as illustrated by Fig. 194, 
the arrangement being that the exhaust steam, when the engine 
is running in the open air, passes away through blast pipes 
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as usual, but when the locomotive engine is passing into or 
through a tunnel or underground railway, the steam is shut off 
from the blast pipes, and caused to pass through the surface 
condenser in the following manner. On the passages leading 
from the steam cylinders into the chimney, a cock or valve is 
applied, and also a branch pipe or junction leading into a 
chamber at one end of the surface condenser. "When the three- 
way cock or valve is so turned by means of the handle as to 
shut off the exhaust from the blast pipes, the exhaust steam 
passes away from the cylinders through the cock into the surface 
condenser, where the exhaust steam is partially condensed ; it 
fio 195 thence passes into an injection condenser 

of the ordinary description, where it is 
condensed by a jet of cold water supplied 
in the following manner. There is a tank 
divided horizontally into two parts, having 
i an air space between them, in order that the 
temperature of the water in one compart- 
ment may not be communicated to that in 
the other. This tank is supported on an 
extra pair of wheels, and the two compart- 
ments referred to are each capable of holding 
pi^m^ Air Pump, w.t« tlie necessary quantity of water for service 
iiijwtran.aaJiBrttoofAir De t, W een the terminal stations of an under- 

Burface Condensers, Tor Lo- 

c»mot ire Engine*, patented ground railway. On commencing to work, 
the cold water is run into the cold water 
tank, and is used for injection into the condenser by passing 
through the suction pipe, cock, and injection pipe, which is 
perforated with numerous holes. The condensed steam and 
injection water, together with any air or gases therewith collected, 
are then pumped by the air pump into that part of the tank for 
holding hot water. The air pump is worked from the crank 
pin of the trailing coupled wheels, as shown by Fig. 195. The 
suction and discharge valves are under and over the pump, and 
the water and gases are discharged into the hot water tank from 
which the boiler is supplied. 
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The surface condenser is composed, as shown, of a number of 
small tubes, or it may be narrow passages. These small tubes do 
not extend from end to end of the surface condenser, but for 
convenience of manufacture and otherwise are divided into two 
sets connected together by a short chamber. The steam is 
partially condensed in passing through the condenser by the 
atmosphere acting upon the outer surfaces of the tubes of which 
it is composed, or these tubes or some of them may he immersed 
in a tank of cold water. In some cases the surface condenser 
may be dispensed with. The steam would then, when shut 
off from the blast pipe, be caused to pass directly to the injection 
condenser. The ash pan is also arranged, as has heretofore 
been done, so as to be closed when the exhaust steam is shut off 
from the blast pipes. 




Very soon after Mr. Slaughter there came Mr. Thorold, with 
a host of arrangements for the condensation of steam from loco- 
motive engines. Centrifugal fans were his pets in the scheme, 
driven by belts on the leading wheels of the locomotives gene- 
rally ; but exceptionally by the resistance of the air on the fans 
when the locomotive was running, as illustrated in side and 
front sectional elevations by Fig. 196. The arrangement of 
the apparatus is this : — 

The blast pipe is provided with a throttle valve, which, when 

o 2 
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placed in the position shown, causes the exhaust steam to pass 
into the fixed guide vanes to the turbine running loose upon 
tin- fixed spindle. The steam reacting upon the vanes of the 
turbine causes the same to revolve rapidly, and issues from the 
periphery of the same into the surrounding enclosed passage. 
Upon the back of the turbine are fixed the fan blades, which, 
hi rotating rapidly with the turbine, draw the external air in 
through the eye of the casing, and throw it out at the periphery. 
The velocity with which the air enters the fan is greatly in- 
BTOMod by the speed with which the locomotive drives the fan 
against it ; and in order to increase the pressure to the utmost, 
a wind boll-mouthed collector is fixed to the eye of the fan 
casing, so as to collect and conduct the greatest possible 
quantity of air into the fan. The steam issuing from the 
turbine into the passage, and the air thrown from the eircura- 
IriiHv of the fan, instead of being brought immediately m 
contact with each other, are first caused to pass through 
alternate narrow passages in the current divider, as indicated 
by the arrows, from which they issue in alternate small streams 
into the condensing chamber. The steam is thus brought into 
most intimate contact with the air, and is thereby condensed. 
The eonstroetion of the current divider consists of a plate of 
thin metal beat into a zig-zag form, as shown, so as to form 
a number of narrow spaces, closed by a plate at the back in 
such a manner that the steam can only outer the chamber 
through the spaces, whilst the air can only pass in through the 
spaces, as shown by the arrows. Water in the form of spray 
is introduced into the passage, to assist in the condensation of 
the steam, through pipes rotating with the turbine and fan, 
which pipes are supplied with water from the gland box com- 
municating with the supply pipe, through the passage formed 
in the spindle. The gland box is kept water tight upon the 
spindle by means of leather collars placed on either side, as 
shown. The water resulting from the condensation of the 
steam, as above described, passes down through the chamber 
into the condenser, whence it is conveyed through the bottom 
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pipe into the boiler by means of a pump or injector. The 
uncondensed gases pass from the chamber through the passage 
into the blast pipe, so as to compensate to some extent for the 
abstraction of the steam blast. 

The possibUity of this arrangement seems as doubtful as the 
inventor's most powerful enemy — if he has one — could wish, 
but we illustrate it as a companion to Fig. 193 on page 192. 

We now turn to a bond fide arrangement that has been 
practically used with success on the Underground Metropolitan 




Railway. The plan of the engine, condensing tank, valves, and 
gear, are shown by Fig. 197. Each cylinder is secured outside 
the smoke-bos, nearly over the leading wheel : the right hand 
cylinder is shown only in this view, together with the slide 
valve and casing. The condensing tank is shown in section 
also, and contains the two exhaust steam pipes, emptying valve, 
man hole, feed water strainer, and starting shaft tubing. The 
supply water tank is between the trailing wheels under the 
foot plate, as illustrated by Fig. 198 in sectional plan, with the 
pipes and connections. The injertion pipes in each view are 
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practically the connecting pipes of the tanks. The side sec- 
tional elevation of the supply tank is shown by Fig. 199, with 
the foot plate, hand railing, and general fittings. 
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The sectional side elevation of the plan shown by Fig. 197 is 
illustrated by Pig. 200, which represents the various dft;iils. in 




•vjrresponding position ; us also does the end sectional elevation, 
m by Fig. 201. 




FOR LOCOMOTIVE ENGINES, 



CONDENSER TANK. 

Length of Tank 

Width of ditto 

Depth of ditto 

Man-hale in the Bottom of Tank, 13 X I 
Valve for Emptying Tnnk, diameter 
IAii.iu-1 Steam Pipe, 5 ins, large end, 

3 ins. email end. 
Water Supply to Condenser, inside . . 
Thickness of Plates at audi .... 
Tbickoenof Plata at Side*. . , . 



Thlcsknesi of Plates at Bottom . . . (1 

Angte Iron 

Air Pipe at Top, imide diameter . . 

COLD WATER SUPPLY TANK. 
Length of Tank . . . 
Width of ditto . . . 
Depth of ditto . . . 
Thicknen of Plates .it Sides 

Ditto ditto Endi 

Ditto ditto Top 

Ditto ditto Butto 



We next direct attention to the details, beginning with the 
feed pump, which is illustrated by Fig. 203 : being the ball 
valve arrangement. The suction valve seating is formed with 
the flange of the pipe, and the guard surrounds the projection, 
the jointing securing the two details in position. The discharge 




valve and seating directly above is different in connection ; as in 
this case the seating is a cone tube, around which the guard is 
screwed on the larger part ; and on the top of the guard is a 
set stud which keeps that and the seating down in their proper 
position. As the various details and sections are fully explained 
by themselves, we shall turn next to the exhaust steam valve, 
which directs the steam into the chimney or tank, illustrated 
by Fig. 204. The valve is flat, square shaped, and hung at the 
back on a square spindle. The casing is of a peculiar form, having 
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also two doors to remove or inspect the valve, without breaking 
the other joint connections. 




Exhaust Steam Valve, to direct the Steam either to the 
Chimney or to the Condensing Tank of the Condensing 
Locomotive shotm in connection In Fig, 197. 

The next detail worthy of notice is the valve for emptying 




thetank,asillustratedbyPig.205. This 
is simply a disc spindle valve, raised 
and lowered by a lever over it. 

The feed pump being an important 
detail in this matter, as it is an air 
pump also, we illustrate the relief valve 
by Fig. 206, which showB also the 
spring, set screw, and casing, in sec- 
tional elevation. The discharge opening 
is on the half of the casing not shown. 

A very novel and ingenious method 
for causing a partial vacuum with high 
pressure non-condensing engines was 
patented by Mr. Morton in the year 



1867, at the same time that he pa- iwfrf vaire and casing fa 




tented his ejectors already noticed in 



Pump illustrated by Fig 203. 
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the previous chapter. The illustration, Fig. 207, represents sec- 
tional views of this apparatus applied to an outside cylinder loco- 




motive, and Fig. 208 a simpler method on the same principle to 
an inside cylinder locomotive. In each of the two arrangements 
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shown, the exhaust pipe from one cylinder, and the exhaust 
pipe from the other cylinder, both alternately discharge the 
exhaust or waste steam from their respective cylinders through 
the induction tube or pipe which is common to both. The 
exhaust steam on leaving the right hand takes the form of 
a central jet, whilst that from the other pipe takes the form of 
an annular jet round the central one, the areas of both orifices 
being nearly equal and somewhat less than the least area of the 
induction tube at the throat. The lateral action of the exhaust 
steam from the central jet or orifice, in passing through the 
induction tobe, induces a partial va^nn £ ttelefirhZ pipe, 
and that from the annular jet produces an equal vacuum in the 
right-hand pipe respectively, and alternately as the exhaust 
steam i, aUo^d toLape Ln *. ..necJe cylinder,; and 
this alternate drawing action, or any increase either in the 
pressure of the exhaust steam or in the velocity of the engine, 
produces a corresponding or an increased vacuum on the back 
of the steam piston alternately and respectively, instead of a 
back pressure as heretofore. Although the central jet is shown 
as cylindrical, it is to be understood that it or both jets, or other 
number of these jets when more are used, may be made annular 
when desired by the use of a central cylindrical or annular 
metal spindle, either fixed or adjustable, or the central one may 
be made annular by the use of the usual blast pipe placed as 
shown in Fig. 207, furnished with a cock for the purpose of 
inducing a draught or current in the fire-box, and through the 
tubes and chimney by a jet of steam direct from the boiler when 
the engines are not at work, or to increase the vacuum or 
draught, as described at other times, when desired. 
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CHAPTER XVII. 

THE PRINCIPLES OP CONDENSATION OF STEAM 
PRACTIOALLT CONSIDERED. 

Steam. — The constituent parts of steam are, Water, Heat, and 
Air. The Water is the amount put into the boiler as feed 
water. The Heat is the product of combustion that has 
penetrated the fire plates and tubes in contact with the fluid ; 
and the Air is the constituent in the water when it entered the 
boiler, so its proportion is constant, whereas the water is reduced 
as the heat is increased, from the fact that the caloric absorbs 
the fluid and carries it away in the form of a saturated gas, the 
amount of saturation being in proportion to the temperature. 

Formation of Steam. — We have first to notice now the fact 
why air is supposed to be in the feed water, which is, that water 
is acknowledged to be composed of invisible solid spheres of the 
same material, and the spaces between them are filled with air, 
which a very domestic experiment is said to prove, by putting 
salt or sugar into a, full glass of water, which does not run over 
uutil an extreme quantity has been absorbed. We mention this 
because it is a familiar proof, but withal does not prove that 
there are spheres and that they are solid; in fact, we are more 
inclined to believe that water is composed of solid layers at 
great depths, and passing higher into spiieroids with a minute 
amount of air in them, and from that into spheres of a thinner 
kind filled with air also. And our reason for that belief is, that 
as water was originally air, it always contains some of that 
dement while in a liquid state, and therefore loses it only when 
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tint solid or liquid, unless (as M. Regnault has recently shown) 
there is a tendency to chemical combination between the two 
substances, in which case the density of the vapour is slightly 
increased. For example : let there be a mass of liquid water 
in a receiver, at the temperature of 212°, and above the surface 
of the liquid water let there be a space of one cubic foot ; it is 
necessary to molecular equilibrium at the given temperature 
of 212°, that that space of one cubic foot should contain 
0*03797 lb. of steam, whether the space be void of all substances, 
or filled with any quantity of air, or of any other gaseous 
substance which does not exert an appreciable chemical attraction 
on the water. To illustrate the law further, let the temperature 
of the water be 50°: then it is necessary to molecular equi- 
librium that the space of one cubic foot above the water should 
contain 0" 00058 lb. of watery vapour, whether and to what 
amount soever air, or any other gaseous substance not chemically 
attracting the water, is contained in the same space. This and 
the preceding law of mixtures of gases and vapours (discovered 
by Dalton and Gay-Lussac) enable the following question to 
be solved : — Problem. Given the total pressure P, of a mixture 
of a gas and of a given vapour, iu a space saturated with the 
vapour at the temperature T: required the pressure and 
density of the gas separately. — Solution. Find, from a table of 
experiments, or from a formula, the pressure of saturation of 
the vapour for the given temperature T; let it be denoted by 
p; then the pressure of the gas is P — p; and its density is less 
than the density which it would have had under the pressure P, 
if no vapour had been present, in the ratio 
V-p 
P" ' 
Example. A space contains mixed air and steam, being saturated 
with steam at 50°, and the total pressure is 14*7 lbs. on the 
square inch ; what is the pressure of the air separately, and 
what weight nf air is contained in each cubic foot of the space? 
— Answer. Either from M. Regnault's experiments, or from the 
formula already cited, it appears that the pressure of the steam 
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is 0* 173 lb. per square inch ; consequently , the pressure of the 
air separately is 14*7 — - 173 = 14*527 lb. per square inch. 
Also, the weight of air in a cubic foot, at 14*7 lb. per square 
inch and 50°, had there beeu no steam present, would have been 

; 50° + 461°-2 * 



0-080728 ; 



i = 0*077885 lb. ; 



consequently the weight of air actually present along with the 
steam, in a cubic foot, is 

14-. '.27 
0077885 x v, *- * 0-07098 lb. 

A second problem is, to find the density of the mixture of gas 
and vapour: which is solved by adding to the density of the 
gas already found, the density of the vapour as computed by 
the methods formerly referred to. Thus, in the case last given, 
it appears, by computing from the latent heat of evaporation, 
that the weight of steam in a cubic foot is 0-00058 lb.; 
consequently, the weight of a cubic foot of the mixture of air 
and steam is 0-07698 + 0*00058 = 0-07756 lb." 

Besides the ingredients mentioned, steam will contain — when 
sea water in its natural state is used as feed-water — a certain 
amount of solid matter, winch, although considerably Ikuvut 
than gas, will by impetus amalgamate with the steam to a 
small extent, and the remainder form incrustation in the boiler. 
Those solidities are : — 

Total quantity .... 

Water 

Chloride of sodium , . 

Chloride of potassium 

Chloride of magnesium 

Bromide of magnesium 

Sulphate of magnesia 

Sulphate of lime . . . 

Carbonate of lime . . ■ 



1000 
064-745 

27-059 

0-766 
3-666 
0-029 
2-296 
1-406 
0-033 



It will be apparent, therefore, that when injection condensers 
are used in steam-ships, the steam is impregnated with solid 
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matter, which doubtless holds the heat proportionately as much 
as the water contained in the steam or the saturation thereof. 
While with surface condensers, the feed-water being nearly all 
distilled, the Bolid portions are exterminated after the first supply. 
These conclusions, although extreme, are nevertheless truthful, 
and are introduced as facts to be taken into consideration when 
the real nature and properties of steam must be understood. 

Having explained what steam is composed of, we will next 
describe its progress from the boiler to the condenser. When 
leaving the boiler to pass to the slide-valve casing, its progress 
is slightly checked by the bends of the pipes, and on entering 
the casing a greater check occurs, owing to the alteration of the 
form of the opening, or port, it euters through into the 
cylinder ; and here the supply is kept up until the valve shuts it 
off, when expansion commences, with the reduction of pressure 
and heat, to the end, or nearly, of the stroke of the piston, and 
from thence to the condenser ; or, if a compound engine, into 
the larger cylinder, when a further falling of the pressure and 
heat ensues before the condenser receives it. The utility of 
these conclusions is to know what heat is in the steam when it 
is ready for condensation, and thus enables the proper amount 
of injection water or tube-cooling surface to be determined. 

We proceed to the principles of the condenser, both the 
injection and the surface kinds, next. 

The Principles op Injection- Condensers.— Those prin- 
ciples refer to the position of the steam opening in relation to 
the injection rose-pipe, which positions as a rule, with very few 
exceptions, are wrongly situated, because it is often the practice 
to allow the steam to enter at the top of the condenser and the 
water to meet it below, whereas the correct positions are for the 
injection valve and rose or plate to be on the top of the 
condenser, and the steam to enter below, which is thus met by 
a shower of water that, assisted by its weight, causes a better 
vacuum than by any other arrangement. This is illustrated by 
Figs. 14 and 23, on pages 16 and 26, where it will be seen that 
the condensers are over the pumps also, which is another 
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advantage over the usual arrangement, where the condenser 
:hk1 pumps an on the same level, and the water has bo rtH 
instead of fall into the barrel. We were, we believe, the first 
to arrange both land and marine condensers and pumps according 
to those principles, and the marine arrangement is shown by 
Figs. 41, 42, and 43, on pages 45, 46, and 17, respectively. 
By these mechanical arrangements a better vacuum is always 
obtained, from the fact that the steam is immediately destroyed, 
and then assisted by its liquid gravity to leave the condenser, 
exceptionally to the action of the air pump. 

Toe Principles op Surface Condensers. — When Mr. 
J. F. Spencer read his paper on " Surface Condensers," at the 
Institution of Engineers in Scotland, early in the year 1862, 
he said : — 

" The mechanical advantages to be derived by the adoption of 
surface condensation are : — 

" I. Freedom from all unsafe deposits on those internal parts 
of boilers exposed to severe heat. 

" II. The use of boilers of improved construction, and suitable 
for steam of higher pressure. 

"III. The use of the foulest water for condensing purposes, 
without incurring any risk of injury to the engines or boilers. 

"IV. Increased regularity of feed to the boilers, and con- 
sequently less risk of injury to them from a deficiency of water. 

"V. Increased uniformity of load on the air pump, rendering 
it unnecessary for the engineer in charge to reduce the injection 
or condensing water in heavy weather. 

" It is believed those five advantages include all of importance 
as affecting safety or convenience, so far as the past and present ex- 
perience can guide us. Each of them will be referred to in detail. 

" I. Freedom from Unsafe Deposit, &c. — This is a natural 
result of the separation of the condensing water from the 
condensed steam, and what is now required is actual results 
from the longest experience. This past Christmas a steamer 
fitted in August, 1857, with a new boiler and surface condenser, 
was carefully examined, and a report made on its actual con- 
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dition. This report will be found in another part of the paper. 
Here it is only necessary to state that there has never been any 
necessity to scale the interior plates, as is usual with salt-water 
boilers. In other instances of shorter experience the same 
freedom from inconvenient scale or deposit has existed. 

" II. The Use op Higher Pressure, &c. — Of this there cannot 
be a doubt, as the general introduction of high pressure steam 
into sea-going steamers is prevented chiefly by the necessity of 
providing ibr the removal of scale and incrustation, and thus 
rendering it almost impossible to stay the boilers for a high 
pressure. All that is required to give an onward movement to 
high-pressure marine engines is an increased experience of, and 
confidence in, the preservation and durability of the boilers. 
Even already surface condensation and high-pressure steam of 
from 40 lb. to 120 lb. pressure have gone hand in hand across 
the Atlantic and up the Mediterranean. 

"III. The Use of Foul Water for Condensing, &c. — This 
is a real vantage ground, and one of the most hopeful features of 
surface condensation. Engineers are well aware that even pure 
land water is almost unknown ; that many of our largest manu- 
facturing works are situated near the sea, or where the most 
serious effects are produced on the boilers from impure feed- 
water ; that boiler incrustation is a constant source of complaint 
and reference at the meetings of the Manchester Steam Boiler 
Association ; and that many of the rivers in India and abroad 
are little better than liquid mud or sand. These facts, with 
numberless others to the same effect, are well known to practical 
engineers. Surface condensation steps in, and, like the magician's 
wand of old, converts impurity into purity, or enables the 
engineer to do so, which is the same thing in effect. At the 
pivsi'tit time the author is fitting seven surface condensers of 
ti50 total horses* power to land engines where the river water is 
impure. The condensers are being made in consequence of the 
.success of one that has been working for the past twelve mouths. 

"IV. Regularity of the Feed-Water. — With marine en- 
gines at sea, working with injection condeusers, it requires 
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constant and anxious attention to maintain a proper balance 
between the proper quantity fed into the boiler and that blown 
out ; and many a good boiler has been ruined by neglect on 
this point. With surface condensers, except in cases of priming, 
the necessity for blowing out scarcely exists, and the regularity 
of the feed is a source of increased safety and great relief to the 
engineer in charge. On several occasions the author has run at 
sea from twelve to eighteen hours without making any alterations 
in the feed valve arrangements. 

" V. Increased Uniformity of Load on Air Pump. — This 
advantage can only be thoroughly appreciated in heavy weather 
at sea. With an injection condenser in a sea way, unless sudden 
changes in the speed of the engines are met by corresponding 
changes in the amount of condensing water supplied, there 
is a danger of the air pumps being overloaded, and the giving 
way of the discharge valve is often the result, endangering the 
safety of the ship. With surface condensers it is quite un- 
necessary to stand by to regulate the supply of condensing 
water in heavy weather ; and, in a strong sea in the Atlantic, 
the author has known days pass without the water-regulating 
valve being touched. 

" Those who are practically acquainted with the working of 
steam engines, especially marine engines, can appreciate the 
value of the advantages referred to as incidental to the use of 
surface condensers; and it must be admitted that the most 
favourable view has not been taken ; for, among other advan- 
tages not named, may be mentioned that of the reduced size of 
air pump. This has not been referred to at present for two 
reasons — first, the reduction in size is partly counterbalanced by 
the addition of the circulating pump ; and, secondly, the matter 
is referred to in a subsequent part of the paper. 

i4 It is now proposed to consider the mechanical disadvantages 
incidental to the adoption of surface condensation. They may 
be divided under five heads : — 

"I. The necessity for an additional pump, pumps, or other 
machinery for circulating the condensing water. 
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" IT. The additional space required for the surface condenser, 
and also in some cases for the condensing water pump or 
machinery. 

" III. The alleged tendency to corrosion in the boiler when 
working with water supplied from surface condensers. 

" IV. The complication arising from a multiplicity of tubes 
or sheets forming the surface condensers. 

" V. The increased liability to leakage from the number of 
tubes or other joints in the condensers. 

"I. Additional Pump, &c— It cannot be denied that what- 
ever plan of circulating the condensing water may be adopted 
(when a high vacuum is required), it is and must be additional 
to the air and feed pumps. There is, however, some compensa- 
tion in this case, inasmuch as it lias been proved, by indicator 
diagrams, that the total load on the atr and circulating pumps 
is less than that on the injection air pump, allowance being 
made for the difference in the capacity of the two air pumps ; 
and experience has proved that, with surface condensation, the 
same vacuum can be obtained with one-half the capacity of air 
pump required with an injection condenser. 

"Mr. Spencer nest gave three cases of comparison, showing 
the vacuum actually obtained, and the capacity of air pumps on 
the two systems. These, being well -certified cases, are repeated 
here in illustration of the preceding remarks. 




24-6 
27-5 



•' As a further illustration may be mentioned the 500-horse 
power eDgines of H.M. frigate 'Arethusa,' fitted by Mr. Penn, 
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of cylinders and bulk of boilers. With the present limited 
experience of the actual economy resulting from surface con- 
densation alone, and the well-known facility with which steam- 
ship proprietors claim all improvements, and, at the same time, 
insist on having as big engines and boilers as ever, the author 
has preferred abstaining from raising hopes that may not be 
realised for many years. 

" III. The Alleged Tendency to Corrosion. — This is un- 
doubtedly the most serious charge that can be brought agaiust 
the system of surface condensation ; and, if proved to any 
serious extent, will render its success exceedingly doubtful. 
That there is an element of truth in this most serious, objection 
to the fresh-water system experience has proved. Cases have 
occurred — both in America and in this country — where boilers 
supplied with water from surface condensers have corroded 
much more rapidly than boilers working with salt water. In 
making this admission, however, the advocates of surface con- 
densation are fully aware that this corrosion has not occurred in 
all cases ; and not only so, it is also believed that, with the 
present knowledge on the subject, such corrosion might have 
been prevented. In the cases of corrosion that have come under 
the personal observation of the writer, its appearance has been 
that of a honeycombed action on the plates and tubes, of some 
deleterious substance held in solution by the water, and deposited 
in showers. These circumstances have chiefly given rise to the 
opinion that portions of the metal from the condenser tubes, 
and steam and feed pipes, have been carried into the boilers, and 
gradually accumulated in sufficient quantities to act on the iron 
plates and tubes of the boilers. But as the galvanic or chemical 
action between copper and wrought iron is generally due to the 
presence of salt in the water, and as no serious injury arises 
from the presence of brass tubes in boilers, there is some 
difficulty in thus accounting for the corrosion, more especially 
as it has been found most severe when the water has been 
the purest. There is much difficulty in explaining the true 
cause of the corrosion, but the causes alleged will be stated, 
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condensing surface, as well as to substitute iron for copper 
steam and feed pipes. 

" Having thus glanced at the gloomy side of this barrier to 
the general adoption of surface condensation, the inquiry is 
made whether any boilers have met a violent death, or been 
consumed in say from twelve to eighteen months, or even two 
years ? To this inquiry we may cheerfully and decidedly reply 
in the negative. In America, it is said, some boilers have died 
very young from surface condensation ; but as the informants 
have not supplied date of birth or death, symptoms of illness, 
or appearance of the body after death, nor given us the results 
of any post mortem examination, we shall act wisely in waiting 
for more accurate information. In England present experience 
in boilers fed with water from surface condensers is very 
limited and short-lived. Speaking generally, there is no authen- 
ticated case of a boiler worked with distilled water that has 
suffered more, permanently, from corrosion, than boilers fed with 
sea water, while there are instances of their suffering much less 
from corrosion than salt water boilers. 

"As stated previously, a small steamer was fitted with a new 
boiler and a surface condenser in August, 1857, and the following 
is a correct report of the state of this boiler at Christmas just 
past : — 

" Newhaven, Sussex, 18th January, 1862. 

" I. S. steamer * Alar/ 50-horse power, fitted with a new 
boiler and Spencer's surface condenser in August, 1857. Dis- 
tance steamed to this date, 100,000 knots ; steam pressure 
40 lb. ; waste made up with sea water. 

" Condition of boiler examined this day by the under- 
signed : — 

" External cylindrical shell in sound and efficient condition 
externally and internally. 

" Furnaces, externally and internally in good condition, and 
apparently equal to new. 

" Flame chamber, top, sides, and back in good condition, and 
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"To these reports is added a third of four London made 
boilers working with injection condensers, and having steam 
up on an average of seven hours a day, for four days in each 
week. 

" Report on the condition of four boilers started at Christmas, 
1856 — 25 lb. steam, and distance run under steam, 65,000 
knots : — 

" Newbaven, January, 1862. 

"Uptakes renewed in the autumn of 1859; also the stays 
and angle irons at uptake end; top shell of boilers partly 
replated. 

" Christmas, 1861. — Uptakes thickened with i in. plate, new 
angle iron, and stay ends at uptake; new bottoms to shell; 
several patches in furnace crowns ; 250 screwed stays renewed 
in each boiler ; 240 brass tubes to be taken out of each boiler 
to scale the tube plates and tubes ; these tubes pierced up and 
replaced. 

" (Signed) Edward Fowler, 

" Superintendent. 

"One conclusion is certain, that while there is no occasion 
for alarm on this subject of corrosion, practical men cannot be 
expected to endorse many of the extreme statements published 
in favour of surface condensation ; such as these — that land 
boilers last seven times as long as marine, and that boilers 
worked with distilled water last three times as long as those 
working with salt water. Such statements only retard the 
progress all so earnestly wish for. Even supposing that boilers 
supplied with water from surface condensers only last the same 
time as those fed from injection condensers, the advantages of 
the surface condensing system are overpowering. 

"IV. The Disadvantage of Complication. — On this head 
little can be said. It is a decided disadvantage, although prac- 
tically it will be found of little importance when compared with 
the credit side of the account. The introduction of the multi- 
tubular boiler was objectionable on the same grounds; but, 
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nevertheless, it has been found that the advantages greatly 
predominate. 

"V. The Increased LIABILITY to Leakage in the <',,-.-- 
DBNBB8. — Tliis disadvantage is one that can only he rightly 
valued from a more extended experience. If, after a number of 
years, it is found that surface condensers are as tight as when 
new. Hie disadvantage arising from a multiplicity of joints is 
only imaginary. At present it may be conceded as a practical 
objection. There is much reason to believe that a surface 
condenser, made ami jointed on a correct principle, will become 
less liable to leak as it gets older. In the opinion of the author, 
facilities for examination and repair, together witli extreme 
simplicity and fewness of joints, are the desiderata for all surface 
condensers. Practical experience will correct many of the mis- 
takes in the plans of surface condensers now being made, and 
theoretical perfection must be made to give place to practical 
simplicity. In saying this the author does not for one moment 
presume to intimate that he lias solved the problem; on the 
contrary, his experience leads him to seek rather than to offer 
advice. 

It is now proposed to consider the economical advantages end 
disadvantages of surface condensation. 

"Economical Advantages.— 1. The Saving ok THE l"i i.i. 
Wasted in Buwing Out a Sufficient Quantity OP H&ATEO 
Water and Steam to Avoid Unsafe Deposit. — The amonntof 
this saving in actual practice ranges from 15 to 25 per cent., 
and is an advantage in see-going steamships that cannot !»• 
disputed, nor has it, in fact, ever seriously been so. Thai the 
amount of this saving cannot be correctly estimated by calcula- 
tion is undoubted ; and the author, from much consideralion 
and observation, is confirmed in his opinion previously expressed 
to this institution, that in blowing out from, or just under the 
surface of the water in the boiler {the usual practice), much 
additional waste of heat occurs from the mixture of the steam 
and its latent heat with the water that is discharged by the 
scum-pipe. 
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" 2. The Introduction op High-Pressure STEAM, AND CON- 
SEQUENTLY THE ECONOMY RESULTING FROM INCREASED EXPAN- 
SION. — It is impossible at present to say to what extent the 
introduction of surface condensation will immediately affect the 
increase of the working pressure. In all probability no general 
move will be made in this direction until it is ascertained what 
reliance can be placed on the durability of the boilers worked 
with fresh or distilled water. Those engineers who have so 
perseveringly striven to introduce high pressure steam, with its 
attendant economy, deserve the best wishes of all who are 
earnest in steam engine improvement ; and it is matter of 
sincere congratulation that they will now have the powerful aid 
of surface condensation. Their success, or rather the success of 
the svstem they advocate, is only a question of time. 

" 3. The Saving of Labour in Cleaning Boilers, as well 
as the Saving of Repairs and Renewals. — Of the saving of 
labour in cleaning boilers supplied from surface condensers there 
can be no doubt. The saving in repairs and renewals can only 
be credited when experience has proved its value. 

"4. The Saving of Fuel Arising from Keeping the 
Boilers Free from any Thick Scale or Incrustation. — It is 
well known with ordinary injection engines the supply of steam 
gradually lessens each year, whilst a larger amount of fuel is 
consumed to obtain the diminished supply. This waste and 
loss is entirely obviated with surface condensation, as the amount 
of scale formed, with a considerable mixture of salt water, is 
quite insufficient to cause any appreciable loss of steam or waste 
of coal. 

" These four enumerated sources of economy in surface conden- 
sation are the most prominent and evident among many other 
incidental ones. Their exact monetary value cannot be given. 

" It remains now only specifically to allude to those dis- 
advantages of surface condensation that tend to increase the 
cost of steam power. 

" 1. An Increased First Cost of Machinery, Varying from 
10 to 20 Per Cent. — It has been asserted that the same amount 
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to compare the surfaces of a condenser receiving steam expanded 
fourteen or sixteen times with that of one where the steam is 
expanded twice or thrice ; and, for the same reason, the bulk 
or space occupied by condensers cannot be compared without 
making due allowance for the mode of working the engines. 
For instance, with steam expanded ten times, one-third less 
condensing surface (about) should be required per indicated 
horse-power than when expanding once. The duty of the con- 
denser is to be decided only by the weight of steam condensed 
per interval of time. 

" Furthermore, as the efficiency of a surface condenser bears a 
proportion to the difference of temperatures of the condensing 
and condensed water, in all cases more water is required to 
condense an equal weight of steam by surface than by injection. 
In a surface condenser, if a small surface is used, the discharging 
temperature of the condensing water must be low and the 
quantity large. With a large surface the reverse will be the 
case. But, practically, it is impossible to assimilate the tem- 
peratures of the discharged condensing water and that of the 
condensed steam, as is the case in on injection condenser. 

" In summing up it will be stated what condensing surface the 
author has found effective in cases where the steam is cut off at 
one-third, equivalent to expanding twice, and where either 
strain jackets or superheaters are adopted. 

" The conclusions intended to be drawn from the preceding 
observations are— 

" 1. That a positive and decided saving of fuel, varying from 
1 5 to 25 per cent., may in all cases be realised by the substitution 
of surface for injection condensers in sea-going steamers. 

" 2. That in all cases where water is foul or impure, and can 
be obtained in sufficient quantity, surface condensers ought to 
be adopted. 

"3. That present experience does not warrant the durability 
of boilers, worked with surface condensers, to exceed that of 
those fed witli salt or impure water, by more than 50 per cent. 

" 4. That all serious corrosive action in boilers worked with 
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surface condensers can be prevented by a gradual but sufficient 
change of water without seriously affecting the saving of fuel. 

'•* 5. That at present surface condensers add from 10 to 20 
per cent, to the first cost of marine steam engines. 

" 6. That one-half the capacity of air pump is sufficient to 
obtain any given vacuum when surface condensers are substituted 
for injection condensers. 

" 7. That with an expansion of twice and superheated steam 
or steam-jackets, one-half the boiler surface is ample for the 
condensing surface. 

" 8. That in all cases a larger amount of condensing water is 
required for surface than for injection condensers. 

"9. That when surface condensers are adopted the boiler 
power may be safely reduced one-fifth, without any loss of 
indicated power." 

Agreeing as we do in the main with Mr. Spencer, who is 
one of our best practical authorities on this subject, there are 
one or two points in the matter that require " finishing off," 
which we will do in our best way, treating first of the differences 
in condensing steam inside and outside the tubes. 

When the steam is inside the tube, the action of condensation 
is as illustrated by Fig. 209, in which case the heat is radiating 
from the tube into the water, and thus the steam is condensed 
in the tube and resumes its normal condition as when put into 
the boiler as feed water. The process of condensation in the 
length of the tube is illustrated by Fig. 210, where it will be 
seen that the steam begins to change its form at about half the 
length of the tube, and that at about a quarter of its length 
water is formed, and the upper part of the tube, for that length, 
is unfilled. From those evidences we know that steam, when 
inside the tubes, begins to condense at about midway of their 
length, and is formed into water before leaving them, when the 
position and dimensions are proportionate to those circumstances ; 
the dimensions being 4 ft. 6 in. as a minimum, and 6 ft. as a 
maximum, the mean of which is 5 ft. 3 in., which is the proper 
length for a condensing tube when vertically situated, but if 
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at an angle a decrease of length of one-sixth might be used 
with advantage. The reason for those two lengths being, that as 
with the vertical tube the steam condenses and falls bj its 
gravity to the bottom, a shorter time is allowable for the process 




■ diagram of (lie pnwNciil MioM of Witer 
mud Menm, wnen the Stum u inside and toe Water uutside. 
the Tubes ; illustrate.! first in a Lerture bv him at the London 
Society ol Arts and Sciences iu the j«u' 1867. 

of condensation ; whereas when the tube is angularly placed, 
the condensed steam rather trickles than falls to the air-pump 
end of the tube, and thus a longer time is allowed. 



t~ 



Taking into notice nest the result of the water being inside 
the tubes and the steam outside, as illustrated by Fig. 211, the 
evidence here is that the heat concentrates towards the tube 
because the cooling property is within the same, while during its 
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traverse it takes away the heat and thus condenses the steam 
directly around the tube. The horizontal action of this is illus- 
trated by Fig. 212, where it can be seen that the steam at the 
upper part of the tube falls on it, and the steam at the lower 




Dnr|;h'> IraniiTiw 'IllMftllrl of !ht jimctital iwtiolM of Wntur 
mid filaun, when the Stwim it out-idr, mid Ihe VV'nWr 
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x Itvtmv lijtmii nt th« LoQdun Stuietf of AiUnoil Scleucw 



part falls fiom the surface, so that the tube situated directly 
below receives the partially condensed steam when the lubes are 
horizontally situated. But when the vertical position is used, 




■n 



h Pi e . in 



the Rteam needs much more time for condriis.it inn, I.. .:nw the 
spaces between the lubes are clear for the steam as a vapour 
and water to puss down amongst them, without any obstruc- 
tion. 
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The length of vertical tubes for outside condensation should 
be 8 ft. as a maximum, and 5 ft, as a minimum, thus making 
a mean of 6 ft. 11 in.; but with horizontal tubes the maximum 
length should be 10 ft. and the minimum 7 ft., thus causing 
an average of 8 ft. 6 in. Those various lengths of tubes in 
all cases have been taken from practical results. 

Circuit of the Circulating Water for Surface Con- 
densers. — In this matter the first consideration is the position 
for the supply opening for the first admittance of the water. 
and the general practice is at the base of the tube compartment, 
from the belief that the hottest steam should he cooled by the 
warmest water, by which means a more rapid affinity occurs 
than if the extreme limits of temperature were connected. This 
arrangement has been illustrated fully in this work, both for 
outside and inside condensation, where it will be seen that the 
water enters at the bottom and passes out at the top of the 
tubes, or their compartments, as the case may be. 

Our belief in this matter is, that to cause an equal distribution 
of the circulating water when it is to be amongst or in between 
the tubes, the supply opening should he centrally of their 
length and group, with two discharge openings, one at each 
end in opposite directions, from which positions the water 
would traverse out equally in two directions at the same time, 
in uniformity with the high and low temperature of the steam. 
And in the case of the water passing through horizontal tubes, 
it should be similarly treated, by four groups of tubes, the two 
upper receiving the water from above, and the two lower from 
below at the end compartments. This would equalise the tem- 
perature of the water more, and certainly cause a better vacuum 
than the forward aud backward and return traverse now so 
generally used ; or a reverse arrangement of openings might 
equally and advantageously be carried out, by having a supply 
opening at each end and the discharge opening centrally placed. 
Of course the practical reason for the most general traverse is 
; the compartment into which the water is forced will be 
Uways full by that operation, or apparently i <e BO than if 
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the water were raised to the top and the discharge assisted, by 
the gravity or weight of the volume descending through or 
amongst the tubes, and from thence overboard. 

According to M. Peclet, the cooling properties of polished 
metals for the condensation of steam are : — 



Water Temperature. 

68° to Vl° Fahr. 



99 



9> 



Air60 ( 



it 



>> 



Material. 



No. of pound* of Steam 

Conden»e<l per square 

foot per hour. 

21-5 



18-75 On very 
a 28 thin metal 



, Copper . 
Brass 

. Copper • 

. Sheet Iron 

. Tin Plate 

And according to Joule, copper tubes will condense 100 lbs. of 
steam per square foot per hour. 



0-36 
0-21 



tubes. 
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CHAPTER XVIII. 

rules and tables for practical use. 

Proportions op Condensing Apparatus for Land Beam 
Engines. — Cubic contents of injection condenser = 

Cubic contents of the engine cylinder 

Cubic contents of air pump (single-acting) = 

Cubic contents of the engine cylinder 

6!o~7 ' 

._ . . n . . Diameter of air pump 
Diameter ot air pump rod = w-r — s — * E • 

Area of suction valve = Area of air pump x '64. 

Area of piston valve = Area of suction valve. 

Area of discharge valve = Area of air pump x '75 as a 
minimum. 

Area of injection water pipe in square inches, temperature 
about 50° to 60° = Cubic contents of cylinder in feet x the 
exhausting pressure of the steam per lb. per square inch used as 
decimals. 

Another rule is — 

Area of injection pipe in square inches = Number of cubic 
inches of water per cubic foot of steam at exhausting pressure x 
Cubic contents of cylinder in feet x 5 to 6 [-r- 60]. 

The origin of this rule is, that to condense steam to cause a 
vacuum of 14 lbs., it requires five to six times as much injection 
water at 60° Fahr. as the water in the steam. 
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Table of Saturated Steam at different Pressures. 



Actual 

pressure of 

the Steam 

exclusive of 

the 

Atmospheric 

Pressure. 



Tempera- 
ture in 

degrees of 
raht. 



Elastic force 

in inches of 

Mercury. 



lbs. 


* 




1 


216-3 


32- 


2 


219-5 


34- 


3 


222-5 


36- 


4 


225-4 


38- 


5 


228-0 


40- 


6 


230-6 


42- 


7 


233-1 


44- 


8 


235-5 


46 ■ 


9 


237-9 


48- 


10 


240-2 


51- 


11 


242-3 


53- 


12 


244-4 


55- 


13 


246-4 


57- 


14 


248-4 


57- 


15 


250-4 


61- 


16 


252-2 


63- 


17 


254-1 


65' 


18 


255-9 


67 


19 


257-6 


69 


20 


259-3 


71 


21 


260-9 


73 


22 


262-6 


75 


23 


264-2 


77 


24 


265-8 


79 


25 


267-3 


81 


26 


268-7 


83 


27 


270-2 


: 85 


28 


271-6 


87 


29 


i 273-0 


89 


30 


274-4 


91 


31 


275-8 


93 


32 


277-1 


95 


83 


278-4 


97 


34 


279 • 7 


, 99 


35 


281-0 


1 102 


86 


282-3 


104 


37 


283-6 


106 


38 


! 284-7 


108 


39 


285-9 


110 


40 


! 287-1 


112 


41 


288-2 


! 114 


42 


289-3 


; 116 


43 


290-4 


118 



•64 

•68 

•72 

•76 

•80 

•84 

•88 

•92 

•96 

•00 

•04 

•08 

•12 

•16 

•20 

•24 

•28 

•32 

•36 

•40 

•44 

•48 

•52 

•56 

•60 

•64 

•68 

•72 

•76 

•80 

•84 

•88 

•92 

•96 

•00 

•04 

•08 

•12 

•10 

•20 

•24 

•28 

•32 



Cubic inches 
of Water to 

produce 

1 cubic foot 

of Steam. 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 



099 
162 
226 
287 
350 
411 
474 
536 
597 
658 
719 
779 
840 
910 
959 
021 
079 
138 
198 
258 
316 
376 
433 
493 
552 
610 
670 
725 
787 
842 
899 
958 
015 
074 
130 
188 
248 
304 
361 
415 
465 
526 
585 



Volume of 

Steam 

produced 

from one of 

Water. 



1572 

1487 

1410 

1342 

1280 

1224 

1172 

1125 

1082 

1042 

1005 

971 

939 

909 

881 

885 

830 

807 

785 

765 

745 

727 

709 

693 

677 

661 

647 

634 

621 

608 

595 

584 

573 

562 

552 

542 

532 

523 

514 

506 

498 

490 

482 



Weight of 

one cubic 

foot of 

Steam io lbs. 



•0397 

0419 
•0442 
•0465 
•0487 
•0510 
•0532 
•0576 
•0598 
•0620 
•0642 
•0664 
•0686 
•0707 
•0729 

0751 
•0772 
•0794 
•0815 
•0837 
•0858 
•0879 
•0900 
•0921 
•0942 
•0963 
•0983 
•1004 
•1025 
•1046 
•1067 
•1087 
•1108 
•1129 

1141 
•1150 

1170 
•1192 
•1212 
•1232 
•1252 
•1272 
• 1292 
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Actual 


T.rap.™- 


Cubio inch™ 
Elastic fare* [ of Water tu 


Vulume of 
Steam 


H-. „!,!.., 








|wM of 


in tabu <-'f produce 


produced 


iboVof 








Fiht 


Mercury. I ™>.i,: !..>t 




?Uam in lln. 










of Steam. 


Water. 








Prawn. 












lbs. 












44 


291-6 


120-36 


3-645 


474 


-1314 






45 


292-7 


122-40 


8-700 


467 


-1836 






46 


293-8 


124-44 


8-753 


460 


■1356 






47 


294-8 


126-48 


8-814 


453 


■1376 






48 


295-9 


128-52 


3-865 


447 


■1396 






49 


296-9 


130-56 


3-927 


440 


•1416 






50 


298-0 


132-60 


8-981 


434 


•1436 






51 


299-0 


134-64 


4-037 428 


■1456 






52 


300-0 


136-68 


4-094 


422 


•1477 






53 


300-9 


138-72 


4-113 


407 


■ 1497 






54 


301-9 


140-76 


4-204 


411 


■1516 






55 


302-9 


142-80 


4-256 


406 


■ 1535 






56 


303 ■ 9 


144-84 


L-809 


401 


-1555 






57 


804-9 


146-88 


4-363 


396 


-1574 






58 


900 -7 


148' 92 


4-419 


391 


■1595 






59 


306-6 


150-96 


4-476 


386 


■ 1816 






61) 


307-5 


153-00 


4-535 


883 


■1636 






61 


308-4 


155-04 


4-583 


377 


■1656 






62 


309-3 


157-08 


4-645 


372 


■1C75 






63 


310-2 


iwia 


4-695 


368 


■1696 






64 


3111 


161-16 


4-747 


364 


-1716 






65 


312-0 


163-29 


4-812 


359 


•1736 






66 


312-8 


105-24 


4-867 


355 


■1756 






67 


::i:;-r, 


167-28 


4-923 


351 


■1776 






68 


314-5 


169-83 


4-965 


348 


•1795 






69 


315-3 


171-36 


5-023 


344 


■1814 






70 


:ilf,-l 


173-40 


5-082" 


340 


■ 1888 






71 


316-9 


175-47 


fi-127 


337 


■1852 






72 


317-8 


177-48 


5-189 


333 


■1871 






73 


318-6 


179-52 


5-236 


380 


-1891 






74 


319-4 


181-56 


5-300 


826 


-mo 






75 


320-2 


183-60 


5-439 


323 


-1929 






76 


321-0 


185-64 


5-400 


320 


-1950 






77 


321-7 


187-68 


5-451 


317 


•1970 






78 


322-5 


189-72 


5-520 


813 


■1990 






79 


323-3 


191-76 


5-574 


810 


-2010 






80 


324-1 


193-80 


5-628 


307 


•2030 






81 


324-8 


196-84 


5-665 


305 


•9060 






82 


325-6 


197-88 


5-721 


302 


■ 2070 






88 


826-3 


199-92 


5-779 


■ 299 


■2089 






84 


327-1 


201-96 


5-837 


296 


-2108 






Hfi 


327 ■ 8 


204-00 


5-897 


293 


•2127 






90 


331-3 


214-80 


6-150 


281 


•2218 






95 


334-6 


334-40 


6-424 


269 


•2317 






100 


338-0 


284-60 


6-672 


259 


■2406 
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The use of the foregoing table for practical purposes is this : — 

Suppose the capacity of a cylinder is 80 cubic feet, and the 

steam is cut off from it when the piston has made ith of the 

80 
complete stroke, then -7- = 20 cubic feet of space, which is the 

amount of steam contained in the cylinder during one stroke of 
the piston. We will imagine that the full pressure of the 
steam is 60 lbs. on the square inch, and next, that we require 
to know the amount of water which the steam in question 
represents. Looking at the table, we see that one cubic foot of 
steam at 60 lbs. pressure is produced from 4*535 cubic inches 
of water, then 20 x 4*535 = 90*7 cubic inches of water, in 
the form of steam, used in the cylinder for each stroke of the 
piston. 

Next we must notice the elasticity of the steam, and its 
temperature corresponding with the pressure. Conclude, as an 
example, that the steam is 40 lbs. on the square inch, we shall 
see in the table that its temperature is 287' 1°. Suppose the 
40 lbs. to be the pressure in the boiler, and that it loses 5 lbs. 
on the square inch when reaching the cylinder, what will the 
loss of heat be? Here let 40 — 5 = 35 ; then 35 lbs. pressure, 
according to the table, = 281°, which shows that 287*1° — 
281 = 6'1° loss of heat, or what is lost by radiation. 

Imagine next that the "steam, at 35 lbs. pressure, entering the 
cylinder, is cut off at ith of the stroke of the piston, and is 
exhausted at f ths of the stroke, what will be the reduction of 
the pressure at the point of exhaustion? The area of the 
cylinder is assumed as 20 feet, the stroke of the piston 4 feet ; 
then 20 x 1 = 20 cubic feet, being the amount of steam in the 
cylinder when the supply terminated ; the exhaustion occurring 
when the piston has reached 3 feet. Now, as the theoretical 
law which governs the rate of the expansion of steam is, that 
inversely as the cubical contents of the space in the cylinder 
for expansion increases, so will the pressure of the steam in it 
be reduced, supposing the supply to be cut off. This is founded- 
on the law discovered by Boyle and Mariotte, who proved 
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" that the volume of a given quantity of steam is inversely as 
the pressure it bears. ,, For example, if steam, at 60 lbs. on the 
square inch, occupying 20 cubic feet, is expanded into 40 cubic 
feet, the pressure will be reduced to one-half, or 30 lbs. ; which 
converts the following formula introduced by the author in his 
paper read at the Hall of the London Society of Arts, to the 
members, December 18th, 1867 : — 

"To the cubical contents for the supply, add the cubical 
contents for expansion; divide the total sum by the cubical 
contents for supply ; the initial pressure of the steam, divided 
by the quotient, equals the pressure of the steam when expansion 
terminates. Now, let A = cubical contents for supply ; B = 
cubical contents for expansion ; C = initial pressure of the 
steam ; and x = the pressure when expansion terminates ; then, 
by the above formula, the symbols are thus arranged, x = C -*- 

— - — ; which, if put into the figures alluded to in the 

question, are thus — B = 40 [ 20 + 40, then ^- = 3, and — = 

C = 35] 20 d 

11*666 for the pressure of the steam when expansion is con- 
cluded." 

It will, therefore, be understood that A = the area of the 
cylinder, x the length of the stroke of the piston during the 
supply of the steam, and that B = the length from the end of 
A, that the piston travels till exhaustion ensues, x by the same 
area, and that C is the maximum pressure of the steam in the 
cylinder. 

Now, on referring again to the table, we shall find the relation 
that the volumes of the steam bear to each other under the two 
pressures named; at 35 lbs. the volume is 552, and at 11 lbs. 
the volume is 1005, and at 12 lbs. it is 971, so that the mean = 

jy , 988; therefore, 11*666 lbs. pressure corresponds 

996 
with a volume of about 996; then v„ = 1*80, which proves 
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Valve Seating, 

Thickness of flange = thickness of valve x *8 to "75. 

Diameter of securing studs = thickness of valve. 

Pitch of studs = diameter of stud x 8 • to 7 ' . 

Area of each small opening in seatings should never exceed 
2 square inches. 

Thickness of ribs = | of an inch per square inch of opening. 

Depth of ribs = "J of an inch per inch of extreme diameter of 
opening. 

Diameter of securing bolts for guard = >fc to \ of an inch per 
inch of valve's diameter. 

Diameter of securing bolt boss in seating = diameter of stud 
+ twice the lap of valve. 

Radius of curve of guard = diameter of valve x *6 to '5, but 
in some cases the guard is aDgular. 

Thickness of guard = | to £ of an inch. 

An approximate mode to obtain the effective area of the 
openings in one valve seating = area of the diameter of the 
opening x '5 to "7, the latter being for diameters from 5 to 7 
inches. 

Total area of diameter of openings = - — -,-7 — - — . 

Area for exhaust steam pipe for 2 cylinders = area of exhaust 
opening from 1 cylinder x 1"5 as a maximum, 125 as a mini- 
mum. 

Area of exhaust (water) for 2 air pumps = total area of 
t set of valves for 1 air pump x 1*6. 

Area of injection (sea-water) for 2 cylinders = cubic contents 
of 1 cylinder in feet x 1"6 as a minimum, 2 as a maximum x 
the pressure of steam per square inch used as decimals. 

The bilge injection valve and piping is usually smaller than 
the sea injection, say about -^th of the diameter deducted, will 
be the difference in the proportions. Now, as the " bilge injec- 
tion " is to drain the bilges in the case of emergency, the bilge 
water should not enter the condenser, but the air pump only. 

Air pump lining is usually of gun metal, secured either by a 
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flange, with studs or a packing recess cast in the casing ; in 
some cases studs of gun metal £ inch in diameter are recessed in 
the lining, and tapped into the casing; by this means the 
flanges and packing are dispensed with. 

Thickness of lining = £ to £ an inch, with raised surfaces 
for turning and fitting. 

Air pump piston, or plunger, is entirely of gun metal with 
metallic packing rings and studs, as illustrated by Fig. 108. 

Depth of piston ring = diameter x '3 to *2. 

Thickness of metal of body = f to £ inch. 

Thickness of ribs 4 to 6 = thickness of body x *7 to *6. 

_. t . . , diameter of piston 
Diameter of air pump rod = fi . . ». 

Area of snifting valve = 1 to f of a square inch per foot of 
cubical contents of condenser. 

Injection Valve. 

This valve regulates the water from the sea by a Kingston 
valve The injection valve and casing are made entirely of gun 
metal, the valve and seat are of a gridiron shape, with 3 or 4 
openings. 

Length of openings = diameter of pipe. 

. area of one opening 
Width of each opening = j- (y nr • 

Thickness of metal of body = £ to f of an inch. 
Thickness of flanges = thickness of body x 11 25. 
Diameter of valve rod = -fa to £ of an inch per inch of 
diameter of pipe. 

Diameter of studs = £ to f of an inch. 

Proportions of Marine Injection Condensers and Fittings 
for Paddle- Wheel Oscillating Engines. 

Condenser. 

Cubic contents of condenser for 2 cylinders = 

Cubic contents of 1 cylinder x 1*5 

(TtoT * 
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Air Pump Vertical Action. 

Cubic contents of air pump, single acting, when 1 is used = 
that of condenser. 

Cubic contents of 1 air pump, single acting, when 2 are 
cubic contents of 1 cylinder 



used = 



6- to 7 



Stroke of air pump = stroke of engine x '5 to '4. 

Area of suction valves in piston = effective area of pump x 

•4 to * 5, or as much larger as practical. 

«. . . A . , diameter of air pump 
Diameter oi connecting rod = ^7-7 — k-^ • 

Diameter of pin for piston = diameter of connecting rod. 
Thickness of trunk at neck = £ to •§ of an inch, slightly 
tapering at the extremity. 

Depth of stuffing box for trunk = 77-7 — ^ • 

Depth of gland = depth of stuffing box x '6 to *7. 

_. . _ „ . . diameter of trunk 
Thickness of gland = ^-7 — ^-7^ • 

Area of one cap bolt = area of connecting rod x "25. 

^ , . „ diameter of rod 
Thickness of keying socket = ^ . 

Area of injection pipe as for screw engines. 

Kingston Valves. 

This valve is used to allow the sea water to flow into the 
condenser, bilge, or boilers. 

Diameter of valve = 2£ to 9 inches, but from 4 to 6 inches 
is the most practical to keep water-tight and secure to the 
bottom of the ship. 

diameter 
Depth of valve = 2* to 3 . • 

diameter 
Thickness of valve = g . ^ g~. • 
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t.. , P , ... , . „ diameter of valve 
Diameter of valve-guide s spindle = — p—r — n~ • 

Taper of side of cone inserted in ship = 2 to 3 in 12. 

Position of guard = length of cone beyond valve x '5. 

Depth of guard = depth of valve. 

Length of guide of valve spindle should allow the valve to 
open \ of the valve's diameter. 

Thickness of guard = ^ as a minimum for guards 3 inches in 
diameter, increasing, above this, J of an inch per 2 inches of 
diameter. 

Diameter of valve rod = \ to -^ of an inch per inch of valve's 
diameter. 

Thickness of body of casing = f as a minimum for 2 J inches 
in diameter, increasing, above this, £ to -^ of an inch per inch 
of diameter. 

Diameter of clip studs = diameter of valve rod x '75. 

Depth of clip = diameter of valve rod x 1 to 75. 

Length of handle 6 to 10 inches. 

Diameter of handle 1 to 1£ inch. 



Discharge Water Valve and Casing. 

Internal area of casing = area of extreme diameter of valve x 2. 

Thickness of casing gun metal = f of an inch for casing 1 2 
inches in diameter, increasing £ of an inch per 6 inches of 
diameter. 

Thickness of casing (cast iron) = thickness of that for gun 

metal x 2 to 1*75. 

_ . diameter of valve 
Thickness of valve = ja *-- ^ - — ■ 



• n • 



_ . . nl diameter of valve 
Diameter of valve spindle = ft to 12 "~* 

Proportion of the stuffing-box, gland, cover, flanges, and studs, 
as for steam cylinder. 
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Marine Surface Condensers. 

By a happy coincidence, it is found in practice that the ratio 
of the cooling surface in square feet per nominal horse-power is 
nearly analogous with the pressure of the steam in pounds per 
square inch when it enters the condenser, as the following table 
indicates : — 

Burgh's Table of the total area of the tubular surface per 
nominal horse-power when the indicated horse-power = 
nominal x 5 to 6. 



Pressure of 



Degrees Fahr. 



Ratio of tube 
surface in 



hteam on en- of correspond- .. . 

4 • ., i • * square feet 

term? the ine tempera- ^ . ■ 

, b \ r K per nominal 

condenser, ture of steam. , r 

horse-power. 



No. of cubic 
inches of cir- 
culating water 
per stroke of 
the pump per 
square foot of 
tube sin face. 



lbs. 












1 


216 


•3 


1« 


•25 


5- 


2 


219' 


■5 


2' 


'31 


5- 


3 


222' 


5 


3- 


•31 


5- 


4 


225' 


4 


4« 


28 


4- 


5 


228- 





5« 


15 


4- 


6 


230- 


6 


6- 


02 


4- 


7 


233' 


■1 


6- 


•85 


4- 


8 


235 


■5 


7' 


•60 


3- 


9 


237 


■9 


8' 


•45 


3- 


10 


240 


■2 


9' 


•22 


3- 


11 


242 


•3 


9- 


•91 


3- 


12 


244 


■4 


10 


•61 


2- 


13 


246' 


•4 


11 


•28 


3- 


14 


248' 


-4 


11' 


•95 


2- 


15 


250' 


■4 


12' 


58 


2- 


16 


252 


■2 


13' 


•21 


1- 


17 


254 


•1 


13' 


•85 


1- 


18 


255 


■9 


14 


•45 


1- 


19 


257 


■6 


15 


•01 


1- 


20 


259-3 


15-58 


1- 



•96 
•60 
•27 
•95 
•66 
•37 
•10 
•84 
•52 
•30 
•07 
•84 
•61 
•39 
•18 
•97 
•76 
•56 
•37 
•18 



From this table we produce the three following rules : — 
Area of tube surface in square feet = ratio of tube surface x 

nominal horse-power. 

Cubic contents of circulating water pump in inches = area 

of tube surface in square feet x number of cubic inches of water 

R 



242 THE CONDENSATION OF STEAM. 

required according to the temperature of the steam when entering 
the condenser. 

. . . . . cubic contents in inches 

Area of pump in square inches = i rr — n—r — \- -• — . — i— • 

r r ^ length ot stroke m inches 

The proportions of the valves, air pump, and fittings, &c, are 
as for the injection air pump as already given. 

Together with those rules, the engineer must remember that 
the door openings should be as large as convenient to the 
arrangement of the pumps and valves : the minimum size for 
side openings being 9 inches high and 14 inches long, and for 
top or over-head openings, 12 inches wide and 18 inches long. 
The doors must be secured by studs and nuts of f ths to fths 
of an inch in diameter, and pitched at eight times the diameter. 
The thickness of the body of condensers should be fths of an 
inch as a minimum and 1^ inch as a maximum, and ribs should 
be introduced at all places where resistance is required. Of course 
circular and current portions require no ribs, but straight 
surfaces must be ribbed or stayed to be made sufficiently rigid. 

The position of the snifting valve should be as low as the 
bottom of the condenser in all cases, and if below that, with a 
branch passage for more effectual draining, there will be the 
advantage of more rapidity of action. 

The securing bolts for condensers should be about 1 to 1^ 
inch in diameter for small sizes, and 1 J to 2 inches for large 
sizes, at a pitch of twelve times the diameter. The securing 
flanges should be three times the width of the bolts used, and 
ribbed between every two bolts, to ensure certain strength. 

Cast iron is the general material for condensers, and these 
rules refer to that metal : but in some cases rolled brass sheets 
have been used for the bodies of cylindrical surface condensers, 
with a great reduction of weight, and we have known the 
pumps' and valves' casings of gun-metal, also for the same 
purpose ; but where economy of primary outlay is demanded, 
the cast iron structure must be adopted as of old. 
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